Ahh # the peace, the freedom, 
the solitude, the Xantrex SW 
Inverter/Charger. 

There's nothing like escaping from it all. Except for the pleasure of being able 
to enjoy all your comforts when you're there. 

The Xantrex SW Inverter /Charger system is the best possible solution 
for turning renewable energy into useable electricity. It's designed to optimize 
the efficiency of solar energy systems so you can have cost-effective electricity 
for your remote home. Backed by years of proven off-grid power production, 
the SW Inverter /Charger reliably provides power on demand. Simple to 
install and operate, the system makes it easy to harvest renewable energy. 

Xantrex makes renewable energy systems from 100 watts to a megawatt, which 
can be tailored to suit your power needs. Start enjoying the comforts of electricity 
no matter where you decide home will be. 

For a list of Xantrex Certified Dealers go to www.xantrexredealer.com 
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Xantrex Technology Inc. 

5916 195th Street Northeast 
Arlington, WA 98223 



360-435-8826 Phone 
360-435-2229 fax 



www.xantrex.com 



advantage 



Premium Performance Crystalline 

Laser Grooved Monocrystalline 

•World leading efficiency— ideal for 
maximizing power and reducing 
installation cost 

• Market leading energy generating 
kWh/kWp performance demonstrated in 
third party tests 

•Leading commercial laser cell processing 
provides a power boost over other 
technologies 

• Superior power tolerance 

• Standard 25 year power warranty and 5 
year materials and workmanship warranty. 

Performance Crystalline 

Enhanced Monocrystalline and 
Multicrystalline 

• High power performance achieved through 
enhanced cell processing technology 

• High efficiency and reliability for diverse 
grid and off-grid applications 

•Widest selection of module sizes from 
5 to 160 W 

•Specialized frame and voltage options for 
small modules 

• Standard 20 or 25 year power warranty * 



High Performance Crystalline 
Premium Enhanced Multicrystalline 

•Superior energy generating kWh/kWp 
performance 

• Excellent efficiency and reliability through 
enhanced cell processing technology 

• Superior power tolerance 
•Attractive dark frame appearance 

• Standard 25 year power warranty and 5 
year materials and workmanship warranty. 

High Performance Thin Film 

Advanced Millennia™ & Apollo® 
Thin Film Technology 

• Most cost-effective power output where 
space is not a constraint 

•Market leading thin film efficiencies 
•Superior energy generating kWh/kWp 

performances 
•Aesthetic appearance: glass over uniform 

black substrate easily fits into a building's 

design 

• Standard 20 year power warranty for 
Millennia™ and 10 year power warranty 
for Apollo®. 



www.bpsolar.com 



* Modules 50w and below have power warranties of 20 years or less. 



USA 

Alternative Solar Products - 
California 

Toll Free: 800.229.7652 

Phone: 909.308.2366 

E-mail: mark@alternativesolar.com 

Internet: www.alternativesolar.com 

Atlantic Solar Products, Inc. - 
Maryland 

Toll Free: 800.807.2857 
Phone: 410.686.2500 
E-mail: mail@atlanticsolar.com 
Internet: www.atlanticsolar.com 



Dankoff Solar Products - 
New Mexico 

Toll Free: 888.396.6611 
Phone: 505.473.3800 
E-mail: pumps@dankoffsolar.com 
Internet: www.dankoffsolar.com 



Louisiana 



Effective Solar Products 

Toll Free: 888.824.0090 
Phone: 504.537.0090 
E-mail: esp@effectivesolar.com 
Internet: www.effectivesolar.com 



Hutton Communications - Georgia 

Toll Free: 877.896.2806 

Phone: 770.963.1380 

Fax: 770.963.9335 

E-mail: sales@huttonsolar.com 

Internet: www.huttonsolar.com 

Intermountain Solar Technologies - 
Utah 

Toll Free: 800.671.0169 

Phone: 801.501.9353 

E-mail: orrin@intermountainsolar.com 

Internet: 

www.intermountainwholesale.com 



Polar Wire -Alaska 

Phone: 907.561.5955 
Fax: 907.561.4233 
E-mail: sales@polarwire.com 
Internet: www.polarwire.com 

Solar Depot, Inc. - California 

Toll Free: 800.822.4041 
Phone: 415.499.1333 
E-mail: info@solardepot.com 
Internet: www.solardepot.com 
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Power Sysre-ms 



Superior technologies and the widest choice of solar electric solutions 



Wherever and whenever you need power, BP Solar has the right solution for you. 

As a world leader in solar energy, not only does BP Solar offer the widest range of products 
and technologies to meet your energy needs, we're also located close to wherever you need 
us. Our extensive, highly experienced distributor network is ready to serve you, wherever 
you are, offering quality products and the highest level of customer support. 



As a premier solar manufacturer with three decades 
of experience backed by one of the largest energy 
companies in the world, the BP Solar name is 
synonymous with quality, reliability, performance 
and trust. 



bp solar 



BP Solar means choice. 



BP Solar means performance. 



the natural source for electricity^ 



BP Solar 




means solutions. 



Southwest PV Systems - Texas 

Toll Free: 800.899.7978 
Phone: 281.351.0031 
E-mail: swpv@southwestpv.com 
Internet: www.southwestpv.com 

Sun Amp Power Company - Arizona 

Toll Free: 800.677.6527 
Phone: 480.922.9782 
E-mail: sunamp@sunamp.com 
Internet: www.sunamp.com 



Talmage Solar Engineering, Inc. - 
Solar Market - Maine 

Toll Free: 877.785.0088 
Phone: 207.985.0088 
E-mail: sm@solarmarket.com 
Internet: www.solarmarket.com 



CANADA 

Powersource Energy Systems - 
Alberta 

Toll Free: 888.291.9039 

Phone: 403.291.9039 

E-mail: info@powersourceenergy.com 

Internet: www.powersourceenergy.com 

Powersource Energy Systems - 
British Columbia 

Toll Free: 888.544.2115 

Phone: 250.544.2115 

E-mail: info@powersourceenergy.com 

Internet: www.powersourceenergy.com 



Powersource Energy Systems - 
Ontario 

Toll Free: 866.730.5570 

Phone: 705.730.5570 

E-mail: info@powersourceenergy.com 

Internet: www.powersourceenergy.com 

Trans-Canada Energie - Quebec 

Toll Free: 800.661.3330 
Phone: 450.348.2370 
E-mail: rozonbatteries@yahoo.com 
Internet: www.woiidbatteries.com 



Two Seas 



Southwest Wkvipawer 
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Sunny Boy 2500 
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RECYCLEDM3WE 




At U.S. Battery, we're committed to doing our part in keeping the 
environment clean and green for future generations, as well as 
providing you with premium deep cycle products guaranteed to 
deliver your power requirements when you need them. 
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1 Doing Their Part 

After ten years off the grid, 
Humboldt State University's 
Campus Center for 
Appropriate Technology 
switched to 2.4 KW of utility - 
intertied PV. Now they're a 
model for decentralized 
generation— pitching their 
green energy into the mix. 



50 Wind Genny Comparison 

Wind guru Mick Sagrillo has 
compiled his fourth "Apples 
& Oranges" article to help 
you choose a home-sized 
wind generator. 



24 Efficient Computing & 
Wireless Internet 

John Bertrand shares his 
homework on finding an 
energy efficient laptop that 
doesn't work his RE system 
too hard. His off-grid, 
wireless Internet and LAN 
system is pretty slick too — 
check it out! 



32 Small & Mobile PV System 

A one-module PV system 
was just the ticket for Phillip 
Angell to get into renewable 
energy. He put it on a trailer, 
and now he's got power to 
go — anywhere the job takes 
him. 
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Is your money going down 
the road, or in your pocket? 
Look at this cost comparison 
and ask yourself, "IsPVtoo 
expensive?" 
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"volt garden. " He learned a 
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Caitlin Grooms of Chico Peace Works 
offers peaceful alternatives. 




Unite in peace. 




Pump sunshine. 



Solar is Peace 



On April 20, 2002, many thousands of people converged on Washington, DC, San 
Francisco, California, and other communities all over the country to be heard and 
seen in the name of peace. The big media was a bit confused by the diversity of 
groups attending, assuming that it meant the message wasn't cohesive. But the 
members of the Home Power crew who made the pilgrimage to San Francisco 
knew better; everybody there had the same purpose— an end to violence. 

Violence comes from two things: oppression of others, or reaction to being 
oppressed by others. Which is which continues to be debated. But eliminate 
oppression, and the debate becomes moot. 

The opposite of oppression, freedom, is the ability to control our own lives— to 
provide our own food, shelter, and other needs, including energy. If we can 
provide these things for ourselves and our communities, then we are free. And, if 
we can provide for ourselves without oppressing others' ability to provide for 
themselves, then we all are free. 

Renewable energy technologies allow everyone, everywhere to provide for their 
own energy needs. The energy is given freely, and to harvest it doesn't infringe on 
the freedoms of others. Gone is the oppression over control of limited resources, 
their polluting effects, and their related monies. 

Solar is independence. ..is security.. .is freedom. ..is peace. 

— Ben & Joe, for the Home Power crew 
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Solar Guerrilla 0021 

"Think about it./' 

'Turn your face to the sun 
and the shadows fall behind you. " 

— Maori proverb 
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RE professionals demand flexibility. 
Rpowr " home energy appliances deliver 



Shown with 
Xantrex SW4024 



Shown with 
Vanner RE4500 





R powr 

I By Energy Outfitters Ltd 



Shown with four 
OutBack FX2000s 




You Make The Call, 




Rpowr ™ RP2000 
Reserve Power System 




ETL listed products built by us to your specifications or, 
components to build your own, shipped ready to assemble. 

Dealer inquiries welcome. 

543 Northeast "E" St ■ Grants Pass, Oregon 97526 ■ 8 ° ° G ° 7 S ^27) a www.energyoutfitters.com 
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Humboldt State University's Campus Center for Appropriate Technology wanted to create a model for small-scale, 
distributed electricity generation. After ten years of off-grid living, they reconnected to the utility grid. 



n May of 1 991 , students at the 
Campus Center for Appropriate 
Technology (CCAT) at Humboldt 
State University (HSU) cut the wire 
connecting them to Pacific Gas and 
Electric Company (PG&E), their local 
electric utility. For ten years, CCAT 
demonstrated energy self-sufficiency by 
getting the majority of its electricity from 
sun and wind. To supplement the 
renewable resources, they produced 
electricity using a backup generator 
running on biodiesel fuel made on-site 
with waste oil from local restaurants. In 
June 2001 , after ten years of energy 
independence, we reconnected to 
PG&E. 



Why the change? We are now demonstrating a state-of- 
the-art, grid-connected photovoltaic system. Although 
solar-electric systems are more cost competitive in 
remote applications where grid electricity is not 
available, the majority of us are connected to the utility 
grid. When you're on the grid, batteryless PV systems 
are the most efficient and cost effective strategy. By 
demonstrating such a system, CCAT now has the 
opportunity to reach a much larger audience of 
prospective PV system adopters. 

Over 3,200 people visit CCAT every year, either on self- 
guided or docent-led tours. The home and grounds are 
open six days a week to students and the community. 
Besides the renewable electricity generation equipment, 
some of the systems featured at CCAT include solar hot 
water, solar ovens, pedal-powered appliances, organic 
gardens, a solar greenhouse, vermicomposting, 
greywater recycling, a composting toilet, and straw bale 
construction. 

Like other systems at CCAT, the PV system has been 
designed as a demonstration, accessible to our visitors. 
We track our electrical energy use and PV production, 
and document this data using a dry erase board that is 
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PV System 



updated weekly. From October 17, 2001 through April 
23, 2002, the new PV system generated 901 KWH of 
clean electricity. In the future, we plan to have a small 
electronic display that will show real time data on the 
house electrical demand and PV system output, as well 
as weekly totals. 

The Old Stand-Alone System 

The old stand-alone PV system at CCAT consisted of 
22 Solec International photovoltaic panels, a Whisper 
wind turbine, and a backup generator. The PVs were 
donated in the 1980s from the Flat Plate Array Project 
at the Jet Propulsion Lab. 

The output from the 22 panel array was about 700 watts 
peak on a sunny summer day. The Whisper H500 wind 
turbine, standing 43 feet (13 m) tall and using a World 
Power control box, generated very little, due to the site's 
poor wind energy potential. Part of the problem was that 
the surrounding trees had grown considerably since the 
original wind generator was first installed on that tower 
in 1984. 

Energy generated during the day was stored in a 24 volt 
battery bank consisting of twelve, Trojan L-16 batteries. 
A Trace C40 charge controller regulated the battery 
voltage during charging. Twelve volt DC loads were 
supplied via a Vanner battery equalizer, and AC loads 
were supplied using a Trace SW4024 inverter. A 
biodiesel engine generator was used to charge the 
battery bank as needed. 

The solar-electric modules from the old system are now 
being used for learning opportunities at CCAT. Students 
in a variety of classes and workshops will have a 
chance to wire up the panels and test their output. The 
panels that are still performing well will be used for 
future projects. 




The installation crew gained some hands-on experience 
as they learned about utility-interactive PV systems. 

12 percent from STC rating to better represent PV 
output under normal operating conditions at our 
location). We planned to use two series strings of four 
modules each, giving us a 48 V, 2 KW system. 

The first and biggest design decision was to choose an 
inverter for the system. CCAT already owned a Trace 
SW4024 inverter that had been used in the stand-alone 
PV system, so obviously we considered this as a prime 
candidate. It is rated for grid-tied applications, and has 
more than enough capacity to handle the total rated 
array output of 2,400 W. 

However, most Trace SW series inverters require at 
least a small battery bank. We wanted to put in a system 
that set a good example for other potential grid- 
connected PV adopters. Unless you have a serious 



The New Grid-Connected System 

Design of the new system was 
centered around a generous 
donation of eight, large area (4x6 
foot; 1.2 x 1.8 m) modules from ASE 
Americas, Inc. The modules, model 
number ASE-300-DGF/17, are each 
rated at 300 W at standard test 
conditions (STC). STC are an 
irradiance of 1 ,000 watts per square 
meter, and a cell temperature of 
25 °C (77 °F). 

These are 12 volt nominal modules, 
with a rated maximum power point 
voltage of 17.2 V. Four of these 
modules wired in series create a 
roughly 1 KW, 48 V building block for 
a grid-connected system (derated by 



Stick a meter on those PVs! Checking out the 300 watt ASE PV modules. 
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need for backup power (you really have some critical 
loads), it doesn't make any sense to install a grid- 
connected system with battery backup. 

Batteries complicate PV systems. They add significantly 
to system cost. They need to be maintained regularly 
and replaced periodically. And they add significant 
inefficiencies to the system. In most places, the grid is 
not down very often or for very long, so batteries add no 
benefit most of the time. 

After speaking with an engineer at Trace, and studying 
the capabilities of the Trace SW4024, including the 
adjustable software settings such as float voltage, sell 
mode voltage, and grid usage timer, we decided against 
this option. This inverter is simply not optimized for PV 
systems installed in grid-connected applications. When 
the PVs are not charging, this inverter constantly float 
charges the batteries with electricity from the grid. 

At best, with a minimum sized battery bank capacity of 
100 AH (per Trace specifications), we expected to lose 
at least a few hundred watt-hours per day and perhaps 
as much as 1 to 2 KWH per day due to battery charging. 
This was simply unacceptable to us. It represented a 
system efficiency loss of anywhere from 5 to 25 percent. 

We did consider adding a voltage-controlled relay 
system that would connect the inverter to the grid only 
when the PVs were charging, thereby minimizing any 
battery charging from the grid. We decided against this 
because it would complicate the system and make it 
less representative of a standard grid-connected 
system. In addition, the SW4024 does not offer 
maximum power point tracking, and would require 
charge controllers to provide battery overcharge 
protection in the event of a grid failure. 

We also considered the Trace Sun Tie ST2500. This is a 
utility-interactive inverter that does not require any 
batteries. However, Trace has had some serious 
problems with the maximum power point tracking 
feature in the Sun Tie series inverters. After talking to 
Trace and other experts in the field about the problem, 
we decided that we were not willing to take a risk with a 
Trace Sun Tie unit. 

This left only one other option for a California Energy 
Commission (CEC) certified utility-interactive inverter 
that was configured to accept 48 VDC input. This was 
the GC-1000 manufactured by Advanced Energy. This 
inverter came highly recommended from a couple of our 
industry contacts. It is rated at 1 KW single-phase 120 
VAC output, features maximum power point tracking, 
and has a peak efficiency of 93 percent. 

One of these inverters is a good match with four, 12 volt 
nominal ASE Americas 300 W modules wired in series, 



so we chose to use two of these inverters. We contacted 
Advanced Energy and they generously agreed to 
donate two refurbished GC-1000 inverters, along with a 
data monitoring system for our demonstration project. 

Since the majority of our equipment was donated, we 
did not apply for CEC buydown funds. However, we still 
decided to use equipment that was certified by the CEC. 
The Advanced Energy inverter is well accepted, and we 
wanted our electric utility to approve our equipment 
without question. 

New System Description 

Each of the two inverters is independently connected to 
four PV modules wired in series. The inverters are 
factory-equipped with a 25 A breaker, a 30 A fuse and 
ground-fault protection on the DC input. They have a 15 A 
breaker, 15 A fuse, and surge arrestor on the AC output. 

The hot legs of the two inverter AC outputs are switched 
using a PG&E approved, 30 A, double pole disconnect 
switch. This is a lockable, visible disconnect switch, 

Proper planning and many, many hands 
made for a smooth installation day. 




Home Power #90 • August / September 2002 



Inverters: 

Two Advanced Energy 
GC-1000, 1,000 W each, 

48 VDC input, 
120 VAC sine wave output, 
utility-interactive 




AC Mains Panel: 

30 A breakers in 
inverter circuits 



Utility's Lockable 
Disconnect 



J, 

i 
i 



To Utility Grid: 

240 VAC 



Note: All numbers are rated, manufacturers' specifications, or nominal unless otherwise specified. 



Earth Ground 



mounted alongside the main service panel next to 
PG&E's meter, and meets PG&E's interconnection 
requirements. The AC output from each inverter is wired 
to a 30 A breaker in the main service panel. 

The CCAT roof is conveniently oriented due south, with 
a slope of 26.5 degrees from horizontal. At our Areata 
latitude of 41 degrees north, the roof slope falls just 
within a recommended array slope of ±15 degrees of 
our latitude. In addition, analysis of Areata solar 
insolation data (obtained from the National Solar 
Radiation Database) indicates that the annual amount 
of insolation received on a sloped surface in Areata is 
nearly identical for slopes ranging from 20 to 40 
degrees. 

With this background information, we chose to mount 
the PV modules parallel to the slope of the roof, using 
the Schott Applied Power (formerly Ascension 
Technology) pitched RoofJack mounting system. A 
junction box, also purchased from Schott Applied 
Power, mounts to the center RoofJack. It contains 30 A 
fuses, and serves as a combiner box where we 
terminate the array leads and start our DC wire run, 
enclosed in conduit, to the inverters. (See the system 
schematic.) 

CCAT Electrical Loads 

The electrical loads at CCAT vary with the seasons. In 
general, energy use is higher when school is in session 



due to an increase in activity. Loads include fluorescent 
lights, stereos, computers, power tools, and other 
miscellaneous equipment. During the summer, we run a 
Sun Frost refrigerator, while the other eight months of 
the year we use a cold box with a natural convection 
cycle to keep food cold. A variety of pedal-powered 
appliances, such as a TV and a blender, also help to 
conserve electricity. 

As CCAT continues to expand and demonstrate 
alternatives for living lightly, new energy demands 
sometimes arise. For example, we recently joined 
efforts with the campus recycling program to greatly 
reduce food waste on the HSU campus. The project 
involves use of an electrically driven shredder that 
prepares the food waste to enter an industrial-sized 
vermicompost (worm) bin capable of handling up to 150 
pounds (68 kg) a day. The bin itself also requires 
electricity to run a motorized unit that forces the finished 
compost out of the bin for collection. 

Our best estimate of our itemized electrical use is in the 
load table. Our actual usage between October 2001 and 
April 2002 averaged 1 .9 KWH per day, which agrees 
closely with our estimate. 

Net Metering Rate Options 

After adjusting for an expected array operating 
temperature of 122°F (50 °C) and an average inverter 
efficiency of 84 percent, the new grid-connected PV 
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CCAT System Loads 



Load 


Waffs 


HrsJWk. 


KWH/Wk. 


Industrial vermicomposter 


2,800 


1.5 


4.2 


19 Lights, 17-55W 


45 


55.0 


2.5 


Power tools 


1,000 


2.0 


2.0 


Sun Frost refrigerator* 


67 


28.0 


1.9 


2 Stereos 


33 


40.0 


1.3 


d Laptop computers 


30 


40.0 


1 o 
\ .d. 


3 Alarm clocks 


6 


168.0 


1.0 


Garden water pumping* 


55 


16.0 


0.9 


Fax & phone 


4 


168.0 


0.7 


'Summer use only 


Winter Total 


12.9 




Summer Total 


15.6 



system is expected to provide approximately 1.8 KW of 
peak AC power. Given our annual average of about four 
peak sun hours per day in Areata, we expect an average 
daily energy output of 7.2 KWH. This is well beyond 
CCAT's current energy needs of 1.9 KWH per day, so 
the system should produce a significant excess of solar 
electricity. 

The PV system is definitely oversized. It would not be a 
cost effective design for the typical homeowner because 
PG&E won't pay for any excess electrical generation. If 
you're running a net metered system in California, the 
best you can do is net your energy cost to zero on an 
annual basis and pay the utility's minimum monthly 
charge. In PG&E territory, this amounts to US$5 each 
month. Most of our equipment was donated, so it did not 
cost us any extra for the excess clean solar electricity 
we feed into the grid. 

This results in a modest benefit to the 
environment and, inadvertently, to 
PG&E's pocketbook. We're looking 
forward to the day when the utilities 
are required to pay a premium rate 
for excess electricity generated using 
renewable resources. They could sell 
this electricity through their green 
power programs. 

Our rate options for net metering 
included the standard residential 
rate, or the residential time-of-use 
(TOU) rate. We considered both of 
these options. The TOU rate would 
have required installation of a TOU 
meter at a cost of US$277. Because 
we generate an excess of solar 
electricity, the TOU rate will not 
benefit us. 



so 



It's a different situation for residential PG&E customers 
whose electricity usage is primarily during the evening 
and weekend periods (people who work during the 
daytime and minimize their phantom loads). The TOU 
rate can allow them to install a smaller PV system and 
still reduce their electricity bill to the minimum US$5 
service charge. This is because the TOU rate puts a 
higher value on electricity used or generated during the 
summer peak hours. The optimal way to minimize your 
bill is to have electricity costs exactly cancel out 
electricity "revenues" on an annual basis. 

The summer peak period for TOU customers is May 1 
through October 31 from noon to 6 PM, Monday 
through Friday. Peak usage during this period is driven 
by the high cooling load in much of California. During 
this period, the TOU rate is about US32$ per KWH. 
During the winter peak period, the TOU rate is about 
US12$ per KWH, and during the off-peak periods it is 
about US9$ per KWH. So, if most of your energy usage 
is during the off-peak periods and a substantial amount 
of your PV electricity is generated during the peak 
periods, you can significantly decrease the optimal size 
of your PV system (and the associated capital costs). 

For example, we have estimated that a PV system 
facing due south at a slope of 41 degrees in Areata will 
generate approximately 27 percent of its annual energy 
production during the summer peak period, and another 
17 percent during the winter peak period. Assuming you 
are on the TOU rate and use all of your electricity during 
the off-peak periods, this would allow you to decrease 
the size of your PV array by 41 percent. 

With an average daily electrical usage of 10 KWH per 
day on the standard rate, you would need about a 2.9 

Roof Jacks were installed before the PVs, 
the crew could simply slide the PVs into place. 




14 
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CCAT l-V Curves for ASE-300-DGF/17 PVs 

25 r- — p — p — p 

20 
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1 10 \\ 
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Volts 

Raw Data Amps (912 W/m 2 , 44.2°C) 

Adjusted to STC Amps (1 ,000 W/m 2 , 25°C) 

KW system (rated at STC) to net your electricity cost to 
zero and thereby lower your bill to the US$5 minimum 
per month. On the TOU rate, you could decrease your 
system size to 1.7 KW, and still limit your bill to US$5 
per month. 

Module Testing 

Because we are part of a university, we have an interest 
in testing and evaluating systems. We made sure not to 
miss this opportunity with our new system. We 
measured individual current versus voltage curves (l-V 
curves) for each of the eight ASE modules prior to 
installation. 

Although the donated ASE modules were reportedly 
manufacturer's seconds due to cosmetic defects, they 
performed remarkably well. Our measurements showed 
that module output was within 1 percent of the 
manufacturer's measurements supplied with the 
modules, and within 2 percent of their nameplate rating. 
ASE uses a plus or minus 4 percent tolerance for rating 
the output of their PVs. Most other PV manufacturers 
use a plus or minus 10 percent tolerance rating. We 
think that ASE's truth in advertising is laudable. ASE 

Handing up the last PV! 




PV System 




Andrew Posner and a student installing the first 
Advanced Energy GC-1000 inverter. 

sets a high standard for rating the output of their PVs. 
We hope that the other module manufacturers will follow 
suit. 



The l-V curves were generated in ambient sunlight in 
Areata, California near midday in June 2001, using an 
electronic DC load device. As the load was varied, the 
module traversed its operating curve from short circuit 
current to open circuit voltage. During the tests, we also 
measured the radiation incident in the plane of the 
module as well as the module operating temperature. 
These measurements were then used to standardize 
the performance curves to STC. (See the module l-V 
curve.) 

System Installation 

For a number of reasons, we took a team approach to 
system installation. The CCAT house is an old structure, 
and the AC electrical wiring needed some work to bring 
it up to code before we could reconnect to PG&E. We 
had Peter Brant, a local electrical contractor, perform 
this work. While he was at it, we had him install the AC 
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GC-1000 Inverter Efficiency 
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disconnect for the PV system, prepare the AC panel for 
interconnection, and run the AC wiring from the inverter 
room to the AC disconnect. 

We had Bob-0 Schultze, a solar-electric contractor, run 
the DC wire and conduit, assist with the inverter and PV 
module installation, and ensure that our installation was 
code compliant. We installed the array mounting 
structure, PV modules, and inverters ourselves, with 
help from students in a PV Design and Installation class 
offered through the Environmental Resources 
Engineering Department at HSU. The equipment we 
chose allowed for a rather quick and easy installation 
procedure. 

The RoofJack mounting system is designed for pitched 
asphalt shingle roofs like CCAT's. It supports the 
modules about 3 inches (7.6 cm) above and parallel to 
the roof, allowing for adequate air circulation between 
the modules and the roof to promote module cooling. 
The RoofJacks came complete with self-drilling 
fasteners (2 1 A inch, #12) and sealing washers, 
preapplied butyl-rubber sealing pads, and pipe nipples 
for wire pass-through between modules. 

Our eight, large area modules were installed in one 
continuous row. Each module is supported by four 
RoofJacks, one placed near each of the module's four 
corners. There are two types of RoofJacks — end and 
interior. We used four end RoofJacks at the extremities 
of the array. A pair of shared interior RoofJacks support 
the module edges that are located next to other 
modules, for a total of 14 interior RoofJacks. 

To properly locate the RoofJacks on the roof, we built a 
jig with the bolt hole pattern for one set of RoofJacks. 
After installing the first set, we simply moved the jig over 
and installed the next set, and so on. According to the 
manufacturer, securing the RoofJacks directly to the 
sheathing (a minimum of 5 /s inch; 16 mm thickness) is 
adequate, but we felt that it was prudent to add 
reinforcement. We located the array on the roof so that 
four of the interior RoofJacks were secured directly to 
two rafters. To secure the remaining RoofJacks, we 




Advanced Energy's AM100 Inverter Monitor (left) 
and the interior of the GC-1000 inverters. 



either scabbed 2 by 4 blocks to a rafter or added strips 
of plywood sheathing on the underside of the roof 
sheathing to provide a more secure attachment. 

Once the RoofJacks were installed, the modules were 
outfitted with their mounting bolts. Four bolts were 
attached to each module, two on each side near the 
corners. These bolts protrude about V2 inch (13 mm) 
with a sleeve. To install the modules, we simply lifted 
them into place and slid the four mounting bolts into 
slots on the RoofJacks. 

Wiring the array was just as easy. Our system consists 
of two separate subarrays, each comprised of four 
modules wired in series and connected to an inverter. 
The first set of four modules in the row make up one 
subarray, and the second set of modules make up the 
second subarray. 

We mounted the array combiner box in the center of the 
row of eight modules between the two arrays. This box 
houses fusing for the arrays, and provides a place to 
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terminate our array wiring before 
running wire to the inverters. 

The wiring between modules was 
provided by the module 
manufacturer, and came equipped 
with weatherproof connectors 
designed for series wiring of 
modules. Once the modules were in 
place, we simply snapped these 
connectors together, added our solid 
copper grounding wire between 
modules, and terminated these wires 
in the combiner box. 

We wall mounted the Advanced 
Energy GC-1000 inverters in a room 
in the basement that has historically 
been used to house PV system 
equipment. The inverters came with 
PV string combiner boards. These 
were sized to handle up to six 
individual strings rated at 10 amps 
each. However, we had a single 
module string with a short circuit 
current rating of 19.1 A, so we 
removed this board. It was a little 
tricky to figure out how to wire the 
inverters without it and still use the 
GFI protection and AC and DC 
circuit breakers that were provided 
with the units. 




The crew testing the utility's lockable disconnect switch — and watching 
the utility meter spinning backwards! 



After examining the units and speaking with the 
manufacturer, we found that we could wire the DC input 
directly to the DC breaker, bypassing the combiner 
board while still using the other features. AC surge 
arrestors were supplied with the units. Since we are not 
in a lightning prone area, the inverter manufacturer 
suggested that DC surge protection was unnecessary. 

In addition to donating the inverters, Advanced Energy 
included their AM100 Inverter Monitor. This unit monitors 
up to six inverters, and features an LCD display and a 
four-button keypad as a user interface. It logs DC 
current, DC voltage, AC current, AC voltage, AC power 
output, inverter efficiency, and cumulative AC energy 
output. When it collects data at 15 minute intervals, the 
AM1 00 is able to store about 30 days worth of data. 

The data is downloadable via a serial communication 
port. To access the data, Advanced Energy provides 
their PVMON software that runs on any DOS or 
Windows-based personal computer. Data files are 
stored in Excel compatible (.CSV), comma delimited 
format. A single data file is recorded for each day. The 
data is easy to download and access. 



System Performance 

The new grid-connected PV system first started 
generating on October 17, 2001. Of the 901 KWH total 
solar-electric energy generated as of April 23, 2002, 
358 KWH were used on-site, and the other 543 KWH 
were fed back into the PG&E grid. During this period, 
we averaged 1 .9 KWH per day of electrical energy use, 
while the PV system generated an average of 4.8 KWH 
per day. 

Data for about a one-month period in mid-February to 
mid-March of 2002 was examined to evaluate the 
performance of the system. During this period, the PV 
system generated an average of 4.9 KWH per day. The 
maximum AC power output was 1,745 W, with a 
corresponding maximum DC input power of 2,155 W 
(81 percent average inverter efficiency). The inverters, 
with a rated peak efficiency of 93 percent, averaged 83 
percent and 85 percent, respectively. About 99 percent 
of the time, the input voltage to the inverters was within 
their maximum power point tracking range of 55 to 70 
VDC. Inverter efficiency varies as a function of AC 
power output. (See the inverter efficiency plot.) 
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CCAT System Costs 



Item 


Cost (US$) 


Value (US$) 


8 ASE-300-DGF/17 modules, 300 W 


$0 


$14,400 


2 Advanced Energy GC-1000 inverters 





3,400 


Labor; solar installer & electrician 


700 


700 


Advanced Energy data monitor 





540 


18 Schott Applied Power RoofJack mounts 


454 


454 


Misc. hardware; wire, conduit, etc. 


120 


120 


Square D disconnect, 30 A 


40 


40 


Total 


$1,314 


$19,654 



The highest points in the graph are clearly aberrations 
in the data. However, there are over 1 ,400 total data 
points, of which only 30 show efficiencies greater than 
96 percent. In all cases, these abnormally high 
efficiency readings are recorded at very low power 
outputs (always less than 171 W). 

Since startup, we have experienced only one minor 
problem — a blown fuse on the DC input to the inverter. 
We suspect that this was due to enhanced insolation 
conditions associated with cloud reflection. 

We are very pleased with the performance of our new 
PV system and our decision to reconnect to the grid. We 
do realize that our reconnection to the grid threatens to 
make us less aware of our energy use patterns and lax 
in our energy efficiency efforts. So we are making a 
concerted effort to keep track of our usage and to 
maintain our efficient ways. 

About CCAT 

CCAT is a student-initiated, student-run, and student- 
funded demonstration home at Humboldt State 
University, dedicated to resource and energy-efficient 
living. The Center was started in 1978. Today, CCAT is a 
thriving household and educational center that has 
been integrated into the University's curriculum. 

People contact CCAT from around the world, seeking 
information on sustainable living techniques. Locally, 
CCAT is a demonstration home showing appropriate 
technology in action. It provides tours, workshops, and 
experiential learning opportunities to the local 
community. CCAT's solar and other systems have been 
featured in HP32 and HP43. If you're ever in the 
neighborhood, check it out! 
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BOOST YOUR SOLAR OUTPUT 



Our most popular SB50L and SB3048L 
controllers are ETL listed to UI1741, 
and CSH/CE requirements 



Featured in Home Power magazine 
"Things That Work" issue S73 and »77. 

new Solar Boost 6024H - 24U 60fl IDPPTj 
Controller with 48/60U PU input. 

Stop throwing away that extra power 
and use a Solar Boost maximum 
Power Point Tracking (mPPT) 
charge controller. 

Solar Boost charge controllers can 
deliuer up to 30% more power to your 
batteries ouer conuentional controllers. 



With Patented SOLAR BOOST m 
ITIPPT Charge Controllers. RU 
Power Products- The recognized 
leader in quality ITIPPT charge 
controllers. Available in 12/24/48 uolt. 




RVpQWER PRODUCTS 



manufactured by RU Power Products and 
offered by a large network of quality 
distributors and dealers. Call us today 
or information or a dealer near you 



PROVIDING ELECTRICAL INDEPENDENCE 



Uisit our web site at www.rupowerproducts.com 
or e-mail to info@rupowerproducts.com 



800-493-7877 or 760-597-1642 

2598 Fortune Way, Suite K, Uista, CD 92083 



"Advanced Energy Inc. 
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MM-5QQ0/300Q 

MuitfMode Power Conversion System 



GC- 1000 

Pftotavoftaic inverter 



5kW 



Gr id-Tied Back- Up 
Stand-Alone 



Maximum Power Point Tracking 
Standard Outdoor-Rated Enclosure 
Standard 5-Year Warranty 

Certified to Meat Ail UL Requirements 
Certified for the California Energy 
Commission Buy down Program 
Certified by the New York Stale 
Pubitc Service Commission 
for utility interconnection 
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T' o Save 
or Wot 
T "> Save.,, 



i's NOBLER and MUCH more cost effective to SAVE! 

(Dicf You %now? 



• Eighty percent of all lead-acid battery failures can be avoided 

• You can dramatically extend the life of your lead-acid batteries 

• You can increase their efficiency no matter how long 
they have been in or out of service 

As batteries are cycled, sulfation begins to harden and crystallize on 
the surface creating a permanent insulative barrier. As this barrier 
becomes thicker and thicker, the battery's ability to accept a charge or 
deliver energy is greatly diminished. The accumulation of such deposits, 
otherwise know as sulfation, is the most destructive process in the life 
of any lead-acid battery. 

Using patented, sweeping pulse technology, the DeSulfator® electronically 
prevents battery sulfation, allowing today's batteries to last significantly 
longer. The DeSulfator® is designed for use in all lead acid battery systems, 
dramatically improving the battery's ability to accept and deliver energy. 
It connects directly to the battery or charging source output and 
continually conditions the battery by preventing and eliminating sulfation. 




*Sulfcltor Every (Battery System Q^feeds Onel 
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Innovative Energy Systems 

Baltimore, Maryland • Phone: 410-686-3120 • Fax: 410-686-4271 
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THE REVOLUTIONARY NEW 
GENERATION AIR 




AIR-X. It's not just another improvement in a wind 
turbine, it's an evolution in wind turbine design. The 
AIR-X is the first micro-processor controlled small 
wind turbine. In fact, the AIR-X is so smart it 
continuously adjusts the alternator to maximize 
performance and minimize noise. ^^^^^^ 

LOWER STARTUP: AIR-X yS^wf 

incorporates "peak power f 

tracking" which allows it to ffr 

begin producing electricity f A 

at half the RPM of the AIR / j , ^ ) ~lm 

403 meaning more energy F Jtm 

for your batteries. "jj^lK 

GREATER OUTPUT: AIR-X's Y M": 

controller delivers maximum 

power to the battery by ^^^^ 

continuously adjusting the 

alternator loading to maximize 

alternator and blade efficiency. This 

ensures the highest possible output at all wind 

speeds and at all states of battery charge. 

SMART CHARGE: It's not just another charge 
controller. As the battery approaches charge state, 
the AIR-X's controller will momentarily stop charging 
to accurately sense battery voltage. Charging stops 
automatically when the batteries reach the set point. 

QUIET OPERATION: No more flutter control in high 
winds. One of the most amazing features of the 
AIR-X is its ability to control RPM to prevent blade 
flutter in high winds. This feature allows the AIR-X 
to operate quietly in virtually all wind speeds. 



Renewable Energy Made Simple 

2131 N. First Street • Flagstaff, Arizona 86004 USA 
Tel 928-779-9463 • Fax 928-779-1 485 
www.windenergy.com • E-mail info@windenergy.com 

WORK FOR PEACE 
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The solution is simple - 



Motor option pumps with 
a single solar panel & battery 



wm 



12v motor option 






Pump fits inside your 



4 or larger well casing along 



with a submersible pump or 



use as a stand alone system. 



Hand pumps from over 300 



or motorized pumping from 200 



Or, if you're looking 
for a solar powered 
submersible pump, 
then here it is. 

The new ETAPUMP 
is a breakthrough in 
reliable solar water 
pumping, and it 
comes with all of the 
primary components. 

Vertical lift to 500' 

Residential 
Farm & Ranch 
Commercial 



Of all the things important, 
there is nothing MORE important than your water 

Advanced Energy Group 
936-264-4873 
www.solar4power.com 

Call us - or visit our comprehensive web site. 
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Saving Energy 
with a 
Notebook 
Computer 

John Bertrand ©2002 John Bertrand 

/year ago, when we finally 
\ settled into our still 
— incomplete solar powered 
house, we set up our trusty three-year- 
old computer. Then, having no landlines 
(electricity or telephone) we installed a 
wireless broadband Internet 
connection. So we were sitting pretty, 
right? Wrong. 

In fifteen years of home computer use, we have never 
just left the computer on all day. But times and uses 
have changed. Our computer has become more and 
more of an appliance rather than a specialty tool. In our 
new home, it became apparent that we needed it 
available constantly for Internet research and e-mail. Yet 
leaving the system on, even in sleep mode, used too 
much energy. Our fairly typical desktop system draws 
180 to 190 watts. 

Flipping it off and on was too much of a hassle because 
of the almost 2 minute boot up each time we needed to 
check something. Besides, even turning it on and off as 
needed was a serious drain on our 1 .2 KW PV system. 
Expanding our PV array (sixteen, 77 watt modules) was 
not an option because the present rack and wiring are 
maxxed out, not to mention the hassle of having to 



submit a new electrical permit application, complete 
with engineering stamp. 

The Search 

So I began researching notebook computers. Without a 
doubt, they would provide a much better energy use 
scenario. I wanted the lowest possible energy use in a 
quality unit. 

I have always purchased desktop systems from smaller 
companies that offer good quality parts for the money. I 
could always make changes later if necessary. But 
notebooks are a different animal, since they are more or 
less a closed package. So it is very important that it has 
all the functions you will need. 

For many people, the notebook can replace the desktop 
unit. So a 14 or 15 inch (36 or 38 cm) screen, 5 to 7 
pound (2-3 kg) "desktop replacement" machine will 
work. For others, a really lightweight 3 to 4 pound 
(1 .4-1 .8 kg) unit with a 1 to 1 2 inch (25-30 cm) screen 
is fine, since the desktop unit is not being displaced, but 
supplemented and networked. The former will certainly 
save watts over a desktop unit, but with its built-in drives 
and large screen, will use considerably more energy 
than the latter. 

For us, keeping the desktop unit for graphics-intensive 
tasks seemed desirable, since the screen is larger, and 
CRT monitors generally handle graphics better. So I 
researched what was available in the smallest of the 
Windows-based notebooks. 

Our personal parameters included finding a highly 
rated, quality product from a well-known company (such 
as Dell, IBM, Gateway, Micron, Sony), long battery life, 
no built-in drives other than the hard drive (but with an 
attachable CD/DVD drive for loading programs, etc.), at 
least 256 MB RAM and a 20 GB hard drive, a touchpad 
pointing device, and a high quality graphics card that will 
not drop frames when playing a DVD movie. 

I began looking more than six months ago. Because of 
their customer satisfaction record, I was somewhat 
predisposed to look most seriously at the Dell offerings, 
in particular the Latitude L-400. But it was weak on 
graphics and, having been on the market quite awhile, 
was not tops in energy efficiency. We came close to 
trying a Sony unit available from Costco for less than 
US$1,000, but it only had a 10.4 inch (26.4 cm) screen, 
older chip sets, and mediocre graphics. That finally kept 
it out of the running. 

A Small Gem 

In November 2001, Dell introduced a new model, the 
Latitude C-400. It was much like the earlier L-400, but 
had updated processors (866 MHz or 1.2 GHz, running 
on half a watt), a new generation of energy-saving Intel 
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support chips (830M), graphics adequate for DVD 
movies, both a touchpad and a pointing stick, and some 
other goodies I found desirable. 

I watched the prices, including the Dell "refurbished" 
units. In January, after the Christmas rush was over, I 
kept close track and finally bit on a good offer. 
(Remember, if you buy on the phone rather than off the 
Net, you may be able to negotiate for even better than 
the current sale prices, but beware of the frustrating 
sales-speak even from reputable firms.) 

This particular model best met our needs. The 
US$2,300 price is in the midranges, with basic economy 
models available around US$1,000, and corporate 
road-warrior models well above US$3,000. (Note: laptop 




The radio system's receiving dish. The wireless 
Internet system only draws 1 to 2 watts total. 



Wireless 

When it comes to broadband Internet service, there 
are three major routes and one minor route. Leading 
the charge these days is cable modem service from 
the cable TV companies. This is followed closely by 
DSL (digital subscriber line) service from the 
telephone companies. Satellite service from the two 
satellite TV companies has made inroads mainly 
where the other two services are not available. 

Finally, in a few areas, ISPs have established fixed 
wireless service, which uses a line-of-sight radio link 
between their operation and subscribers. The radio 
signal is in the same frequency range as a microwave 
oven, and can be fairly characterized as a 
"microwave link." It conforms to the IEEE 802.11b 
standard used for wireless networking within the 
home or office, and is theoretically capable of 1 1 MB 
per second information transfer. A radio transceiver 
and small antenna are required. 



prices continue to fall, so you may be able to do even 
better by the time you read this.) 

In terms of energy usage, though, this model has to be 
near the lower limit. We measured usage with a Watts 
up? meter. The meter isn't extremely accurate when 
measuring loads drawing less than 20 watts, but it's 
close enough for general use. In any case, the C-400 
uses just 1 5 to 1 8 watts when in regular use. 

This figure, when compared to the desktop system, is 
cause enough for joy. But when we close the case, 
putting the system in standby (it goes to hibernation in 
15 minutes, or whatever you want to set), the usage is 
too low to measure with this meter. 



i i j 




The D-Link router and the radio transceiver allow 
completely wireless Internet use. 



Internet 

We had a choice of going to Starband satellite 
service or Interlink Hawaii (local ISP) fixed wireless 
service. Starband was just becoming available with 
no track record, high upfront costs of more than 
US$1,500 (installation is less expensive in the 
continental U.S.) and a monthly cost of US$70. 
Interlink's fixed wireless service had been around for 
several years, had an installation package of 
US$500, and cost US$50 a month. Needless to say 
we went with the latter, which uses a Breezenet 
Pro. 11 radio. 

Overall, we have been very satisfied with the service. 
When our radio was failing after less than a year (it is 
leased and was used), they were slow to replace it. 
But otherwise, we have had mostly speedy surfing, 
with very little downtime. And being a local company, 
they are usually easy to work with. Power draw of the 
wireless system is 1 to 2 watts. 
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Bertrand Computer Specs Comparison 



Item 


Desktop 


Notebook 


ivioaei 


Axis 
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r rocessor 


oou ivinz Minion 


Qftft MkJ-7 Pentium III IV/I 

odd ivinz rentium in ivi 


ivio vvinaows 




VP Prn 

Ar r rO 


Memory (nAivij 


oo4 MP 


^lOD Mb 
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on d R 

OP 


pn/n\/n Hri\/o 

uu/uvu anve 


internal 


P 1 1 i /~i in 

r lug-in 


P\A/ Hri\/Q 

uu-nvv anve 


internal 


none 


Ethernet 


Internal board 


Built-in 


Wireless 


None 


Built-in 


Monitor 


17 inch Panasonic 


12 inch 


Printer 


Epson Stylus 1520 


Same 


Scanner 


Epson Perfection 1 200S 


None 


Power draw 


180-1 90 W 


15 W; 18 Ww/ DVD drive 
on;24W w/ DVD movie 


Sleep mode power draw 


105W 


N/A 


Standby & hibernation 


N/A 


1 W 



Over a typical day of turning the system on first thing in 
the morning, using it for about 5 hours off and on, with it 
in standby or hibernation the rest of the time (about 7 to 8 
hours), the total watt-hours used is 84. That's equivalent 
to about 25 minutes use of the desktop system! If it is on 
standby, the C-400 comes back to full use in a few 
seconds. From hibernation, it takes all of about 15 
seconds. That's very tolerable for an appliance. 

Other Considerations 

As a selling feature, notebook manufacturers try to 
maximize battery life, that is, the amount of time their 
computers will run on a single charge. Since we keep 
the unit plugged in so much, battery life is not critical, 
but it's still a good indicator of system efficiency. 

Within groups of similar computers, the longer the 
battery life, the more efficient the computer is. This 
comparison works best if independently measured, but 
manufacturers' estimated time is usually a good rough 
estimate. Just remember that this measurement applies 
within a given category of processor, screen size, 
battery size, and peripherals. 

While it may seem good to keep the battery charged up, 
it is also good to let it cycle some. So don't leave it 
plugged in all the time. Unplug it every once in a while, 
and let it discharge fully before charging again. If NiCd 
is used, the battery should be fully discharged routinely 
(several times a month) and then refilled. If the battery is 
NiMH or lithium technology, it isn't as important to fully 



discharge the battery routinely, but it 
should be fully discharged once 
every month or two. Most modern 
notebooks use the NiMH or lithium 
ion batteries. 

Keyboards are also a concern with 
notebooks. The great portability of a 
3+ pound (1 .4+ kg) unit is somewhat 
offset by a slightly smaller keyboard, 
not to mention a few keys in 
somewhat different places. I find the 
tradeoff to be acceptable. You may 
not. The larger notebooks do have 
equivalent keyboards, but not exactly 
economically correct ones. 

Another alternative is to buy a 
notebook with an auxiliary keyboard 
port. Then you can use a standard 
keyboard ordinarily used with a 
desktop unit. Most larger notebooks 
have similar ports for a mouse and 
monitor. Others have auxiliary ports 
in docking stations so a notebook 
can emulate a desktop computer. 

Of course, not everyone is in a position to part with 
more than US$2,000 to save some watt-hours. But it 
was worth it for us. The cost of adding more PVs and 
related equipment to have our desktop unit available full 
time would have exceeded what we spent. Almost any 
notebook computer, with the ability to handle similar 
tasks, is far preferable to a desktop system for energy 
conservation. 

As time goes on, more models will use the new energy- 
saving chip sets. Even the model we bought is now 
available as refurbished. (Usually they are returned 
within 30 days after purchase and like new.) I just saw 
one similar to ours for less than US$1 ,600. 

Although I was researching PCs, Apple's latest 
notebooks are also quite frugal. I managed to get 
permission (not without a questioning look from the 
store manager) to measure one of the 600 MHz G3 
iBooks, and it came in at around 20 watts. 

Dessert 

The rest of the changes to our computing scene may 
seem frivolous. Still, if we see the computer as an 
appliance, the handier the better. We added a D-Link 
wireless router (Model Dl 71 3P, US$140, 7 watts) that 
gives us the ability to use the laptop almost anywhere in 
the house. It also connects the two computers together 
and provides good Internet security from hackers. 
(Incidentally, software can provide good protection also, 
but it's not as good as the hardware solution in a router.) 
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John's wife, Linda Cavis, works on their notebook 
computer that only draws about 15 watts. 



The setup of the router was very time consuming. I have 
read of others who have had an easier setup, and still 
others who have given up and returned the unit. So I 
have mixed feelings about it. Setting up a single 
computer would be easier, as would setting up with only 
a newer operating system. 

The manufacturers need to provide more information 
than we received. Usually I like to exhaust my own 
resources before calling tech support, but I still spent 
quite a few hours sorting things out with both the router 
tech support and my Internet service provider tech 
support. 

Energy-Sipping Computing 

Everything needs to be on switched outlets for 
efficiency, preferably surge protected outlets. On one 
switch, we have the fixed wireless radio and the router, 
which have no internal switches, and the printer, which 
does have an internal switch (usually turned off). The 
notebook computer is on another, and the desktop 
computer and scanner (usually turned off) on another. 
So we can handle almost any combination of computing 
needs without having unnecessary equipment sucking 
electricity. 

In spite of the less-than-satisfactory router experience, 
our new computer system has been a great 
convenience. After half a year of no computer 
availability in our off-grid home, we learned that our 
desktop computer was just too much of an energy hog 
to work for us in our limited-energy environment. Having 
cast about for a solution, I believe we found a good one 



with our 3 pound (1.4 kg) notebook computer. It draws 
only 15 to 18 watts when being used, and practically 
none when in standby. 

We no longer have to feel guilty when using a very 
important appliance. It is handy anywhere we are in the 
house, anytime we need it. And so far, we have run the 
generator hardly at all. Aloha. 

Access 

John Bertrand, PO Box 81 1 , Holualoa, HI 96725 
caber@kona.net 

Dell Computer Corporation, One Dell Way, Round 
Rock, TX 78682 • 800-915-3355 or 512-338-4400 
csd@dell.com • www.dell.com • Dell Latitude C-400 
notebook computer 

Alvarion, Inc., 5858 Edison PL, Carlsbad, CA 92008 
760-517-3100 • Fax: 760-517-3200 
sales-north.america@alvarion.com • www.alvarion.com 
Breezenet Pro. 11 radio 

D-Link U.S.A., 53 Discovery Dr., Irvine, CA 92618 
800-326-1688 • Fax: 949-753-7033 • sales@dlink.com 
www.dlink.com • D-Link DI-713P wireless router 

Some Useful PC Computer Web Sites 

Major Notebook Manufacturers: 

www.dell.com • www.gateway.com • www.ibm.com 

www.micronpc.com • www.sonystyle.com • www.hp.com 

www.apple.com 

Networking Info: 
www.wown.com 

www.pcworld.com/features/article/0,aid,86935,tk,cxb,00 
.asp 

Internet Security Software: 

www.zonelabs.com • Zonelabs' Zone Alarm is a free 
download; the Pro version costs US$40. The free 
version has been highly recommended and has been 
used by the author. The Pro version has more bells & 
whistles. 

Notebook Power Management: 

www.extremetech.com/article/0,3396,apn=2&s=1005&a 
=24385&ap=1 ,00. asp • This is an article at the Extreme 
Tech site and may be available for a limited time. 

Evaluations & Comparisons: 
www.pcmagazine.com • www.zdnet.com 
www.techtv.com • www.pcworld.com 
www.practicallynetworked.com 

Shopping/Price Comparisons: 
www.pricewatch.com • www.pricegrabber.com 
www.techbargains.com • www.amazon.com 
www.cnet.com ^ 
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Shell Solar 

The most powerful partnership in the business 

By acquiring sole ownership of our joint venture with Siemens Solar, Shell Solar now offers your business the integrated strengths and 
expertise of two leaders in renewable energy. The Siemens team will continue to oversee manufacturing and technology, ensuring the 
highest standards of quality are consistently achieved. Shell Solar, as part of a global energy company with a powerful consumer brand, 
has the resources to increase capacity, enhance supply, and fund research and development of new technologies. We're committed to 
reaching more customers with more products, which means a more robust, financially successful solar business for you. 

For more information, visit our website shell.com/ renewables 
or call 866-272-3033 





^ / / * r 1 0OO Watt Home Wind Turbine 
Features 




► 5-Year Warranty (Industry's Longest) 

► Maintenance Free Design 

► Excellent Low Wind Performance 

► Nearly Silent Operation 

► Three High-Strength PowerFlex 
Fiberglass Blades, SH 3045 Airfoil* 

► Neodymium Super-Magnet Alternator 

► AutoFurl "No Worry" Storm Protection 

► Fail-Safe Design, No Dump Load 
Required for Structural Safety 

► PowerCenter Multi-function Controller 

► OptiCharge Regulation for Extended 
Battery Life 

► Easy Installation with BWC Tilt-up 
Towers 

*Patent Pending 



The all new Bergey XL. 1 is the most technically 
advanced small wind turbine ever. It combines 
excellent low wind performance and the 
legendary Bergey ruggedness, at costs well 
below the lightweights. It comes from the 
world's leading supplier of small wind turbines 
and is backed by the longest warranty in the 
business. The XL.l delivers on value. 

Compare features, performance, price, 
reputation, and warranties. The new Bergey 
XL. 1 is the clear choice for your home energy 
system. 

Typical Performance! 

4 Times More Energy Than the Air 403 1 1 . 



1 —Air is a registered trademark of Southwest Windpower, Inc. 

2- Whisper is a registered trademark of Southwest Windpower, Inc. 



$1 ,695 



ysaaa direct 



WWW.BERGEY.COM 

Complete AC "Plug 
& Play" Systems 
from $3,030 



PowerCenter Controller 

• 60A Wind Regulator 

• 30A Solar Regulator 

• 30A Optional Dump Load 

• 24 VDC DC Bus 

• Battery Status LEDs 



: 5.2 kWh DC per day 

8 Times More Energy Than the Whisper H40 

1 1 .2 mph (5 m/s) Average Wind Speed at Hub Height, Rayliegh Distribution. 

Based on manufacturer's published power curves. 




Windpower 




Simplicity»Reliability»Performance 



2001 Priestley Ave. 
Norman, OK 73069 
T: 405-364-4212 
F: 405-364-2078 
SALES@BERGEY.COM 
WWW.BERGEY.COM 



© 1999 Bergey Windpower 



WE WROTE THE BOOK 
ON SOLAR LIVING! 



The 11th Edition Solar Living 
Source Book is the ultimate 
information resource on solar and 
other renewable energy 
technologies. With nearly 600 
informative, reader-friendly pages 
on solar design, ecological building 
practices, homesteading and environmentally 
sustainable living, we've made it easy to bring clean, 
non-polluting energy solutions to your home. 

As a special offer for Home Power 
readers, order our FREE 120-page 
Real Goods catalog and get the 
Solar Living Source Book for Vi price! 

Solar Living Sourcebook Reg. $30 
Now $1 5 (+$5 s/h) for Home Power readers. 

Offer Expires 9/30/02 
Order Code: RGHP1 

"The Solar Living Sourcebook has been and continues to be 
the bible. ..It is scrupulously honest, technically flawless and... 
steeped in experience and practical wisdom. There is nothing 
like it in the world." 

— Paul Hawken 

"This is a fabulous compendium of hows, whys, and widgets 
of making a sensible home under the sun." 

— Amory Lovins 

"This edition is simply the best. There is no better and more 
enjoyable the-future-is-here-and-now page turner." 

— Peter Warshall, Editor, 
Whole Earth Review 



Gaiam Real Goods is the oldest and largest provider 
of solar electric systems in the world. For over 24 
years, we've brought the free power of the sun to 
more than 50,000 homes and businesses. 

Call for a FREE consultation 

on energy independence today! CA. Lie. 808004 

888.847.5167 l solar.realgoods.com l techs@realgoods.com 





RE A L# GOODS 



SOLAR 
ENERGY 

FROM THE 

GLOBAL 
LEADER. 




The Power of the Sun. 
The Ingenuity of Sharp. 

Sharp, the world's leading 
manufacturer of single and 
multi-crystalline solar cells, 
has been harnessing the 
power of the sun since 1959. That's why 
architects, building planners and homeowners 
continually use our solar products and 
peripherals to improve the 
quality of everyday life. They 
rely on Sharp's Photovoltaic 
Power Generation Systems 
for everything from satellites to lighthouses, 
warehouses to private homes. And we 
offer solutions for virtually any energy 
requirement — along with 
an expanded production 
capacity of 200MW in 2002. 
At Sharp, we're constantly 
introducing new solar solutions. We'll soon 
be packaging fully integrated solar systems 
that include all electronic components and 
modules. And we'll be 
unveiling a line of colored 
solar cells. The result? A 
complete line of powerful 
and decorative solutions — each generating 
clean, high-quality solar energy. From Sharp, 
the name the world trusts for quality living. 



5F 



For more information coll 
1-800-BE-SHARP or visit our web site: 
www. sharpusa. com 



SHARP 



be sharp 




i 
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Philip Angell's PV powered trailer provides electricity, no matter where a job takes him. 




y home repair and remodeling 
business had grown to the 
.point that a cargo van just 
wasn't practical any more. I knew that a 
pickup and trailer combination would 
give me some freedom and reduce my 
fuel consumption. Getting a trailer, after 
years of driving a van, was the long- 
awaited opportunity to install a PV 
system. 

Since this was my first renewable energy (RE) 
installation, I wanted to get it right. I was referred to 
Rocky Mountain Solar (RMS) Electric in Boulder, 
Colorado. Matt Lafond of RMS put together a system 
that works to my expectations and was within my 



budget. They supplied good tech support and all the 
components for this system, down to the wire. The only 
exception was the batteries. 

Trailer Design 

With many choices available, I decided on a 5 by 10 foot 
(1.5 x 3 m), single-axle, cargo trailer for its capacity, 
economy, and tow weight. The inside was painted, but 
otherwise unfinished, which was a plus because I 
wanted to insulate it with rigid insulation. I chose 4 foot 
by 8 foot by 3 / 4 inch (1 .2 x 2.4 m x 19 mm) R-Matte Plus 
panels, with an R-value of 5.4. These are easily cut to fit 
with a utility knife and straightedge. I installed them 
using construction adhesive, with the foil side facing 
inside the trailer. 

To fit the curves, I made parallel cuts an inch apart, 
through the facing of the panel, into the foam insulation, 
but not through the backing. This allowed the panels to 
bend. The insulation is very effective at keeping the 
trailer cool in the summer, a big issue in Texas. 
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As luck would have it, Sears was 
having a sale on tool chests. 
Craftsman steel-case tool chests 
come in stackable modules. I bought 
two complete sets of these, one for 
each side. These were securely 
bolted to the floor and walls of the 
trailer. 

Weight distribution was an important 
consideration. I estimated the weight 
of the tools and the PV system, and 
placed the tool chests accordingly 
before bolting them in. The PV 
system had a total weight of 
approximately 300 pounds (136 kg), 
and was placed in the very front of 
the trailer. The tool chests are 




installed approximately over the axles The RE equipment: inverter (center, top shelf), AC battery charger 

to balance the load. A section in the (upper right), and PV charge controller (left, bottom shelf). 

back of the trailer is left for smaller 

After reading EVTech Talk\n HP59, and EVTire Fitness 
in HP71, I knew that quality tires make a significant 
difference to efficient energy use. I replaced the tires 
that came on the trailer with Goodyear Marathon low 
rolling-resistance tires, specifically designed for use on 
trailers. These tires are not intended for use on 
passenger cars. Specifications on these tires are 
available from your Goodyear dealer. 

I installed a roof vent and two side vents for ventilation 
and natural light. Ventilation is necessary to eliminate 
the possibility of hydrogen buildup while the batteries 
are charging. The roof vent is translucent plastic with a 
crank to open and close. The side vents are metal, and 
can be adjusted to open and close for intake or exhaust. 
The side vents were difficult for me to find. I found them 
at a trailer repair center; they are generally used on 
horse trailers. 

The trailer is equipped with brakes that are electrically 
controlled by the brake pedal of the tow vehicle. It also 
has a break-away emergency brake system, powered 
by a small, 12 volt battery, which activates the brake if 
the trailer should break away from the truck. The charge 
controller provides a trickle charge to this battery. 

PV System 

When I was ready to install the PV system for the trailer, 
I followed Matt's advice. I needed a system that could 
power my tools and not take up too much space or add 
too much weight. My tools span a wide range of power 
needs, from the battery chargers for cordless tools to a 
12 inch (30 cm) miter saw that surges to 13 amps. 
Although some of these tools draw a lot, they are only 
used for a short duration, so we decided that a small 
system would be adequate. 
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toolboxes, supplies, and materials. 

The trailer is insulated, and the weight has been 
evenly distributed. Note the recessed receptacle and 
cord for charging the batteries from 120 VAC. 




Mobile PV System 



Angel I Portable System Loads 



Tool 


Rated 
Amps 


Surge 
Amps 


Average 
Running Amps 


Craftsman 2 hp portable compressor 


10 


15 


10 


DeWalt miter saw 


10 


13 


7 


Porter-Cable circular saw 


13 


17 


10 


Makita portable table saw 


12 


15 


7 



The system we came up with consists of a 120 watt 
Kyocera KC120 solar-electric module, a U-RV series 
UniRac PV mount, a Kyocera FM16D Solar 
Commander charge controller, a Statpower PROsine 
1,800 watt sine wave inverter, two Trojan T-105 
batteries, and an lota 15 amp charger. 

The 120 watt solar-electric module is secured to the roof 
of the trailer on the UniRac mount. It is adjustable for 
proper angle to the sun, or to be flat when the trailer is 
moving. I ran #10 (5 mm 2 ) stranded wire in flexible 
conduit from the module through the roof to the controller. 

The Kyocera Solar Commander FM16D model is 
generally used for RVs because it has a separate circuit 
to trickle charge an accessory battery. This circuit 
charges the battery for the trailer's emergency braking 
system. The primary circuit charges the main battery 
using pulse width modulation (PWM). 

Weight is an issue, so I decided to use two Trojan T-1 05, 
6 V batteries, connected in series for 12 volts at 225 AH. 
Because most tools are used for a very short duration, 
the small storage capacity has not been a problem. I 
pay careful attention to the battery state of charge 
(SOC), though I don't have an amp-hour meter. I use 
the digital readout of the controller, which shows me 
battery voltage, as well as PV charging current. 

We considered a modified square wave inverter, until I 
told Matt that I would be using battery chargers for 



cordless tools. Some of these 
chargers require a sine wave, so we 
chose the PROsine 1800. This 
inverter not only provides the proper 
waveform for the chargers, it also 
has a 2,900 watt surge rating, a 
requirement for many power tools. 
This inverter has worked very well — 
beyond my expectations. It's 
powering my computer right now, and will power my 
circular saw tomorrow. 

I recently did a comparison between my new sine wave 
inverter, and a PowerStar UPG1300 modified square 
wave inverter. The difference is very noticeable. I ran the 
same vacuum cleaner off each of these two inverters. 
On modified square wave, it ran like it was struggling to 
get power, with lower rpms. I'm glad I went with a sine 
wave inverter! 

Because of the limited charging capacity of a single 
module, and the possible high demand on the system, 
we decided to include an AC battery charger that can 
plug into the grid and charge the batteries overnight if 
necessary. The lota DLS15 charger has an output of 15 
amps at 12 VDC nominal. I don't mind accessing the 
grid if I have to. My electricity provider is Green 
Mountain Energy, so my grid electricity is coming from a 
wind farm in west Texas. 

Wiring— 12 VDC & 120 VAC 

A ground fault interrupt receptacle is recessed into the 
front of the inverter. I mounted my cordless battery 
chargers on a shelf below the inverter, so I can 
directly plug them in. I also ran a #12 (3 mm 2 ) cable to 
another receptacle that I installed in the back door of 
the trailer. 

There is also an outdoor receptacle with a recessed 
male plug, purchased at an RV store. This is a standard 



Angell Trailer Power System Costs 



Item 


Cost (US$) 


PROsine 1800 inverter 


$1,250 


Kyocera KC120 120 W module & mount 


639 


Wire & cables 


222 


2 Trojan T-1 05 batteries 


140 


Kyocera FM16D Solar Commander 
charge controller 


123 


lota DLS1 5 charger, 15 A 


119 


UniRac PV mount, U-RV series 


90 


Fuse package, 300 A 


75 


Total 


$2,658 



The system's two lead-acid batteries are 
vented and safely secured for travel. 
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Photovoltaic: 

Kyocera KC1 20, 1 20 W at 1 2 VDC 



Battery: 

Sealed, 12 V 



receptacle 
receptacle, 
charger. 



and 
and 



into 
use 



the 
the 



door 
lota 



.... 




Charge Controller: 

Kyocera FM16D 
Solar Commander 



Battery Charger: 

lota DLS15, 15 A, 
120 VAC in, 12 VDC out 



_ Ground to Chassis 



Power in 
from 120 VAC 
Source 



Ground to Chassis 




Inverter: 

PROsine 1800, 
1 ,800 W, 
sine wave, 120 VAC 



Battery: Two Trojan T-1 05, 
wired in series, 225 AH at 12 V 



— Ground to Chassis 




Switch 



Note: All numbers are rated, manufacturers' specifications, or nominal unless otherwise specified 

arrangement used for plugging an RV in at an RV park. I 
use this male plug for charging the trailer batteries, if 
necessary. I plug a regular extension cord into a house 

The trailer's emergency braking system is powered by 
this solar charged, sealed, 12 V battery. 




While I was at the RV store, I picked 
up two, 12 V interior dome lights, 
which have integral switches. I 
installed these lights on the ceiling 
of the trailer, and wired them directly 
to the 12 V circuitry with a 10 amp, 
in-line fuse. I installed a 12 V, 1.2 W 
Sunon muffin fan to exhaust 
hydrogen gas from the battery box. 
This is also on a fused connection to 
the 12 V system. 

All the 12 V circuits connect to a 
bus bar mounted in the shelf below 
the inverter. I salvaged a neutral 
bus bar from a residential service 
panel. I cut it in half, mounted it to 
the side of the shelf, and use one 
side for positive and the other for 
negative. I ran #10 (5 mm 2 ) 
stranded wire from the batteries to 
each side. 

Practical Renewable Energy 

On weekends, I park the trailer so 
the PV panel faces south. I run a 
cable to the house from the 
receptacle in the back door of the trailer. The cable runs 
through a foundation vent to a stand-alone wall 
receptacle in the house. This receptacle is in no way 
connected to house current or the grid. On sunny 
weekends, I use this for vacuuming the house, washing 
clothes with my Staber washing machine, and 
occasionally running the blower for the furnace. It's also 
a great backup system in case of a power outage. 

Having used the system for a while, I can see room for 
improvement. I have more total weight in the trailer than 
I planned for. The large tool chests are a bit too far 
forward, making the trailer slightly tongue-heavy. 
However, this is preferable to having a trailer that is too 
light in front. Also, another module on the roof would 
give me more charging capability. I plan to add one as 
soon as I can afford it. 

My portable workshop is an excellent way to demonstrate 
a practical use for renewable energy. My customers have 
shown an interest in what I have done, and I hope this will 
spark their enthusiasm for renewables. In September, I 
took the trailer to the Texas Renewable Energy Roundup 
in Fredericksburg, Texas. The weather, the food, and the 
people were great; and a lot of people asked questions 
about my PV powered trailer. 
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Having this system has been a great introduction to 
using renewable energy. I can expand this system, and I 
can put this knowledge to use on other projects. I may 
not be putting electricity onto the grid with this system, 
but when I'm connected to the trailer, I'm getting 100 
percent pollution-free electricity from the sun, instead of 
electricity from the utilities. 

Access 

Philip Angell, PO Box 224, Rodeo, NM 88056 
505-557-2318 • angephil@vtc.net 

Susan Carson, Carson TechWriting Consultants, 7401 
Alma Dr., #71 1 , Piano, TX 75025 • 972-51 7-5405 
s.d.carson@att.net 

Harrison Evans, Photographer • 214-522-1754 
harrican@sbcglobal.net 

RMS Electric, 1844 55th St., Boulder, CO 80301 
800-767-5909 or 303-444-5909 • Fax: 303-444-1615 
info@rmse.com • www.rmse.com 

Surplus Center, PO Box 82209, Lincoln NE 68501 
800-488-3407 or 402-474-4055 • Fax: 402-474-5198 
Muffin fan 

WW Trailer Mfgrs., PO Box 807, Madill, OK 73446 
580-795-5571 

Camper Capitol, 4233 Forest Ln., Garland, TX 75042 
800-297-4777 or 972-276-3323 • Fax: 972-276-3368 
campercapitol@att.net • www.campercapitol.com 
Roof vent and 1 2 V dome lights 



Hawn Freeway Trailer Sales and Service, 7841 Hawn 
Freeway, Dallas, TX 75217 • 214-391-2630 • Side vents 

Kyocera Solar, Inc., 7812 East Acoma Dr., Scottsdale, 
AZ 85260 • 800-544-6466 or 480-948-8003 
Fax: 480-483-6431 • info@kyocerasolar.com 
www. ky o ce raso I a r. co m 

Xantrex Technology, Inc. (now owns Statpower), 5916 - 
195th St. NE, Arlington, WA 98223 • 360-435-8826 
Fax: 360-435-2229 • www.xantrex.com 
inverters@traceengineering.com • PROsine inverter 

UniRac, Inc., 2300 Buena Vista Dr. SE, Suite 134, 
Albuquerque, NM 87106 • 505-242-641 1 
Fax: 505-242-6412 • info@unirac.com 
www.unirac.com 

lota Engineering, PO Box 1 1846, Tucson, AZ 85734 
800-866-IOTA or 520-294-3292 • Fax: 520-741-2837 
iotaeng@iotaengineering.com 
www.iotaengineering.com 

Trojan Battery Co., 12380 Clark St., Santa Fe Springs, 

CA 90670 • 800-423-6569 or 562-946-8381 

Fax: 562-906-4033 • marketing@trojanbattery.com 

www.trojanbattery.com 

Staber Industries, Inc., 4800 Homer Ohio Ln., 
Groveport, OH 43125 • 800-848-6200 or 614-836-5995 
Fax: 614-836-9524 • info@staber.com 
www.staber.com 




to Mm^u wgflD [mjw» 
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The EPAC fuel cell from H Power. 
It shines under the toughest conditions! 



Available now! 




When you need power in harsh, remote 
locations, turn to H Power's portable 
EPAC fuel cell. EPAC operates on direct 
hydrogen, and each module produces up 
to 500 watts of power. It's self-contained, 
rack-mountable, and generates electricity 
cleanly and efficiently, both indoors and 
outdoors. The unit is also stackable for 
higher power requirements. So, whether 
you need a reliable stand-alone power 
source, or protection from grid failure, 
the EPAC will handle your i , » ~ 
toughest challenges. iSfct 

Questions? Ask for our 
FREE booklet, "Q&A On 
Fuel Cells." Call now, Q K 
973-249-5444 or log on "V 
to www.hpower.com I _ 

















m 

m 



Powering the World 
With Fuel Cells 



Tel: 973.249.5444 • www.hpower.com 



Energy Outfitters delivers OutBack's NEW power conversion products. 



Engineered ART outside. 
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Actual inverter output waveform 



Engineered 
SMART inside. 



FX2000 Inverter/Charger 

• 2 Kw continuous sine wave output 

• 24 and 48 VDC input versions 

• Stackable in series and parallel in 
2 Kw increments - up to 16 Kw 

• 120/208/240V single or three-phase 
system configurations 

• Non volatile program memory 

• 5 stage "smart" battery charger 

• Gasketed die cast aluminum housing 



$1,795 



list price 



MX60 Controller 

• MPPT technology 

• 60 Amp DC output 
• For 12, 24 or 48 VDC systems 

• Adjustable voltage setpoints 

• Friendly 4-line user display 

• Can charge 12 volt battery 

from 24 or 48 volt array 

• Easy C-40 upgrade 

and replacement 

$595 list price 





"The Mate" Remote 

• A single remote for all OutBack 
inverters and controllers 

• Controls up to 8 devices 

• Simple user interface 

• System management with real 
time clock and calendar 




$295 



list price 



We're expecting your call. 




f? NERGV 



543 Northeast "E" St ■ Grants Pass, Oregon 97526 ■ 8 ° ° G ° 7 S ^ 5 L ^ ■ www.energyoutfitters.com 




bp solar & 



Alternative Solar Products 
Atlantic Solar Products 
Dankoff Solar Products 
Powersource Energy Systems 
Solar Depot 



We're pleased to announce these dealers are now Xantrex Certified Dealers 



Yukon Territory 


Wyoming 


Montana 


Wisconsin 


Solar 2, Whitehorse 


Creative Energies, LLC, Lander 


Sundance Solar Systems, Red Lodge 


Lake Michigan Wind & Sun, Sturgeon Bay 







\ 



British Columbia 




Off Grid Power, Powell River 





Colorado 

All Solar, Inc., Penrose 
All That Is Energy, LLC, Trinidad 
Alternative Power Enterprises, Ridgeway 
Great Plains Power, Golden 




California 




Horizon Industries, Escondido 
Light Energy Systems, Concord 
MC Solar Engineering, Sunnyvale 
Renewable Energy Concepts, Los Osos 
Solar Winds Northern Lights, Redway 
Solar Wind Works, Truckee 
Sun Light & Power, Berkeley 
Sweetwater Energy, San Marcos 







Arizona 

Aquarius Enterprises, Vail 
C & R Solar and Signs, Kingman 
Independent Designs & Creations, Chino Valley 
The Solar Store, Tucson 



New Mexico 

Positive Energy, Santa Fe 



St. Croix 

West Indies Solair, Kingshill 



BP Solar congratulates their participating Xantrex Certified Dealers. Each of these dealers 
have passed a rigorous technical exam and demonstrated a commitment to excellence 
in sales and service. You can count on them as your trusted resource for design, installation, 
and service of quality renewable energy systems. 

For more information on BP Solar products visit www.bpsolar.com. 

To contact the BP Solar sponsored Xantrex Certified Dealer in your area visit www.xantrexredealer.com. 



xantrex 

Certified Dealer 



RENEWABLE POWER SYSTEMS 



Purchase with Confidence 




John F. Gislason 



©2002 John F. Gislason I 



An LED conversion makes a flashlight more stout and radically improves battery and bulb life. 



V A V ter using U|D countless flashlight 

V Vbatteries and replacing way 
/ T\^too many bulbs, I decided 

that something had to be done. I read 
about the flashlight conversion in HP84, 
and decided to do some research into 
LEDs myself. 

I was using Maglite brand Mini Maglite flashlights with 
two AA batteries in stock configuration. The standard 
bulbs are not shock resistant, which meant frequent 
replacements at about US$4 each. And they used a lot 
of energy, which led to short battery life. 

Selection & Testing 

My first problem was to identify and then locate a 
suitable white LED. After removing the miniature bulbs 
from all of the Maglite-type flashlights that I owned, I 
carefully checked their size against the LEDs available 
through Radio Shack. I soon discovered that a 3 mm 
white LED would be ideal, but none could be found that 
had enough light output for me. I opted for the 
somewhat larger 5 mm LED. It is Radio Shack #273- 
320, and is rated at 3.6 V, 20 m A at 1 ,1 00 mcd output. 

I devised a crude light meter using my Micronta 22-175 
multimeter connected to an old photo resistor. The 
resistor changes resistance with changes in light 
intensity — the higher the light intensity, the lower the 
resistance in the photo resistor. I measured the 
resistance of the photo resistor using the various bulbs 



and voltages to compare factory bulb output with the 
LED bulbs. In this way, I could crudely quantify changes 
in light output. 

I determined that the best value with a new conventional 
bulb and two fresh AA batteries was about 130 ohms on 
my light meter. To determine if the LED could just 
replace the standard lamp, I trimmed the leads off to 
about 3 /8 inch (10 mm) long, and carefully inserted them 
into the lamp holder. Using the same batteries, the LED 
produced a value of 192 ohms, and it was not very 
bright. 

I decided to see if it could handle 4.5 V. I turned my 
variable power supply up until the no-load output was 
4.7 V, and placed my new LED's terminals across the 
supply lugs. It worked! After being left on continuously 
for more than an hour, the output value on my light 
meter had not changed — it was about 98 ohms. 

The LED registered fewer ohms on the photo resistor, 
indicating a higher light output, than in the original bulb 
configuration, but the light output was range sensitive to 
a higher degree. It dropped off more rapidly for the LED 
versions with increasing distance from the photo 
resistor. I discovered, after sacrificing a couple of LEDs, 
that the voltage threshold was about 5.5 VDC. Above 
that voltage, the LED died quickly. 

I am admittedly pushing the voltage higher than other 
LED applications. But in my tests, the LEDs lasted for 
more than an hour at 5.5 VDC, so operating at 4.5 VDC 
should not cause any significant problems. The high 
voltage condition only occurs with fresh batteries. After 
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Homebrew — LED Conversion 




An exploded view: barrel padding, flashlight, LED, bulb holder, base, batteries, screw, and spring. 



some use, the voltage begins to drop into a more 
normal range for the LED. 

My LED now has hundreds of hours on it with no signs 
of output reduction or color shift, so I would guestimate 
bulb life of at least 500 hours, and possibly as many as 
20,000 hours (an 80% reduction in life expectancy 
compared to an operating voltage of 3.5 VDC). 

The real issue for me is reliability. The stock lamps in 
these lights last only tens of hours, while my LED 
conversion has already lasted hundreds of hours. So 
even if it were to fail "prematurely" compared to other 
LEDs operating at lower voltages, it would still have 
outlived the factory counterpart by an order of magnitude. 

Assembly & Batteries 

When I attempted to screw the lens assembly back onto 
the body of the flashlight, I quickly discovered that I had 
overlooked a very important item — the hole in the 
reflector was way too small. I decided to enlarge the 
diameter of the existing hole using a drill bit. I needed to 
make the hole large enough not only to pass the narrow 
part of the LED, but also the larger collar that is at its 
base. After some trial and error on a small sample of 1 .5 
mm styrene plastic sheet, I determined that a 1 A inch (6 
mm) hole would work. 

After the hole in the reflector was enlarged to 1 A inch, 
and the reflector replaced on the light body, it was time 
for the battery question. It just so happens that common 
1.5 V calculator batteries (N cells) are slightly smaller in 
diameter, but significantly shorter than the standard AA 
batteries my flashlight was designed for. This allowed me 
to use three, 1 .5 V batteries to achieve 4.5 VDC total. 



I separated the clear plastic product covering from the 
LED packaging, and used the paper backer to form a 
tube to place in the barrel of the flashlight. This made up 
the difference in diameter between the smaller 
calculator batteries and the flashlight barrel designed for 
larger AA batteries. I cut the tube short so it would not 
make contact with the threaded end of the flashlight 
body when installed. 

I carefully inserted the three new batteries into the 
flashlight and discovered that I was about 3 A inch (19 
mm) short of the grounding spring in the end cap. I 
quickly determined that a small wood screw would be 
an excellent "low buck" solution, and it was. Later it 
became apparent that a single 3 /s inch (10 mm) 
diameter spring about 2 inches (5 cm) long would be a 
better solution, and that is what I use now. 



A closer look at the LED, bulb holder, and base. 
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Homebrew — LED Conversion 



LED Flashlight Conversion Parts List 



Item 


Distributor 


Cost (US$) 


1 i pn c mm 

I LCU, O 1 1 II 1 1 


ridUlU Ol IdOIX ire. 1 \j Oc-\j 


cp4.yy 


3 N cells, 1.5 V 


Radio Shack #23-023 


4.79 


1 Mini Maglite flashlight 


used 


0.00 


Sheet metal screw, #10 x 3 k inch 


used 


0.00 


Packaging material 


used 


0.00 


Spring, 1 /4 x 1 inch 


used 


0.00 


Total 


$9.78 



To attach the LED bulb to the flashlight, I was able to 
simply trim the terminals on the LED to about V2 inch 
(13 mm), and insert them into the holes in the factory 
bulb receptacle. I quickly discovered that unlike 
incandescent bulbs, there is a polarity to LEDs. I 
installed it backwards the first time, and had to switch 
the LED around 180 degrees and reinsert it into the 
holder. 

Real World Use 

The placement of the LED higher or lower in the 
reflector has a dramatic influence on light performance 
and focus. Setting the LED too deeply causes a very 
diffuse light, and setting it too high causes a halo 
effect. With a two AA Mini Maglite, a separation of 
about 1 /8 inch (3 mm) between the LED base and bulb 
holder seems to work best. But any changes to bulb 
size or location of the light element inside the LED 
have dramatic effects. 

The converted flashlight is used extensively in my job as 
a truck mechanic for inspection of various components. 
The light's output is excellent for nighttime outdoor use 
and other low ambient light situations, even at distances 

The converted flashlight is super bright 
and it's considerably more durable than the original. 




42 




of about 3 feet (0.9 m). In high ambient 
lighting conditions, its effective range is 
limited to about 6 inches (15 cm). 

The light is used about two hours per day 
at work, and the output is very stable. The 
light appears to have a blue hue to it, 
compared to other lights, which cast a 
warmer, more yellow light. 



I've been using the flashlight for seven 
months now without battery or bulb 
replacements, and it has proven very 
reliable. I'll never buy mini bulbs again! The 
LED bulb is very robust, and nearly shockproof — it will 
tolerate a 12 foot (3.7 m) drop without failing. The light 
output has remained constant over these months, and 
the wider beam is very handy. These lamps could also 
be used in AAA sized flashlights, with dramatically 
increased battery life using three batteries. 

Because I'm no longer concerned with battery or bulb 
life, I use my flashlight longer and more often. I have 
also sold all my factory spare bulbs for the flashlight to 
my coworkers, which has more than covered the cost of 
conversion. 

Access 

John F. Gislason III, 426 Felix Ln., Saint Paul, MN 
551 18 • gislasonzoo@earthlink.net 

Mag Instruments, Inc., 1950 S. Sterling Ave., Ontario, 
CA91761 •800-289-6241 or 909-947-1006 
Fax: 909-947-31 16 • salesdesk@magmail.com 
www.maglite.com 

Radio Shack, 100 Throckmorton St., Fort Worth, TX 
761 02 • 800-843-7422 or 81 7-41 5-301 1 
Fax: 817-415-3240 • support@tandy.com 
www.radioshack.com 



2 or 24 
VDC 



NO-HASSLE WATER POWER 

If you have a reasonably fast running stream or tide 
nearby and 12" of water clear, Aquair UW Submersible 
Generator can produce 60 to 100 Watts continuously, up 
to 2.4 KWH per day. NO TURBINES, NO 
DAMS, NO PIPES! Water speed 5 
mph (brisk walk) = 60W. 8 mph 
(slow jog) = 100W. Timber, rock, or 
natural venturi increases output. 

Jack Rabbit 
Energy System 

425 Fairfield Ave., 
Stamford, CT 06902 
(203) 961-8133 
FAX (203) 961-0382 

e-mail : jackrabbitenergy@worldnet.att.net 
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Call 



,or a Workshop Catalog! 





Jjj SvJy/zjdv 
Wind Power 
Micro-Hydro 
Women's Carpentry 

Biodiesel, Loveland, CO 

PV Design & Installation, ceio, nc 

Intro to Renewable Energy 
PV Design & Installation 
Wind Power 



August 12-23 
August 26-30 
August 9-11 
September 9-13 



Sept. 23-28 



October 11-13 
October 14-19 
October 21-26 



OjjJjjjb Djssiijjsa [luu/nbiz 
PV Design Nov. 4- Dec. 13 

Solar Home & Natural House Bldg. Sept. 9-Oct.18 



V J J 21 J 

Photovoltaics 

Wind Power 

Microhydro Power 

Solar Home Design 

Natural House 
Building 

Straw Bale 
Construction 

Solar Cooking 

RE for the 
Developing World 

Successful Solar 
Businesses 




For a complete listing of all workshops, 
visit our Web site. 



Hands-On Education • Sustainable Development 

voice: (970) 963-8855 • fax: (970) 963-8866 
e-mail: sei@solarenergy.org • web: www.solarenergy.org 

P.O. Box 715, Carbondale, Colorado, USA 81623 



No Power? No Problem! 



There is more to a working renewable 
energy system than a cheap deal on a 
pile of hardware. 

We Provide: 

Complete service. We do solar, wind, microhydro and 
pumping systems. Load analysis, site survey, system 
design, sales, installation, user training, and tech 
support long after the warranties expire. We live on 
renewable energy, have 20 years of experience, and 
have established over 500 systems. We specialize in 
NEC® compliant, safe systems that will make your 
Electrical Inspector smile! 

Equipment for DIY. We offer reasonable deals and 
technical reality checks. Why settle for a packaged 
system when you can have yours custom designed by 
an expert? 

Your best resource is a local pro. Tap into our network 
of qualified, competent Electron Connection associates 
across the country. 

Going into the Biz? Why talk to a "sales technician" 
when you can talk to an electrician? We KNOW what 
works and how it works. We offer technical support, 
system design help, prompt shipment, fair pricing and 
NO BULL. Local referrals always. Electrical competence 
required. 





action 




PO Box 203, Hornbrook, CA 96044 USA 
Voice / Fax: 530-475-3401 • E-mail: econnect@snowcrest.net 



us 



Does the PV industry picture sometimes 

seem a little fuzzy? 
At AstroPower, we see our role very clearly. 
PV is our livelihood, so we concentrate exclusively 
on producing better solar electric power products 
for our customers. Our unique focus 
is the product of the most dedicated and capable team 
in the industry. They work at AstroPower because they 
want to make a difference, and they take pride 
in the company because they all own a part of it. 
When selecting a PV supplier, consider not only the 
products, but also the company behind the products. 

Make your choice count. 
Choose AstroPower. 




AstroPower 

Independent. Clean. Focused. 
www.astropower.com 




W vs. PW 



Jeremy Smithson 



©2002 Jeremy Smithson 



IS SOLAR ENERGYTOO EXPENSIVE?.. .YOU DO THE MATH! 

~1 





JEEP GRAND CHEROKEE LAREDO 



5 KILOWATT GRID-TIED PV SYSTEM 



Age 


Value 1 


Emissions 2 


Cost 3 


Age 


Value 4 


Emissions 5 


Cost 6 


New 


$29,499 


0.5 tons 


$29,499 


New 


$29,499 


0.5 tons 


$29,499 


1 year 


$21,710 


12.5 tons 


$33,099 


1 year 


$29,351 


-2.7 tons 


$28,959 


5 years 


$10,445 


62.5 tons 


$51,099 


5 years 


$28,759 


-13.5 tons 


$26,571 


1 years 


$4,075 


125.0 tons 


$65,500 


1 years 


$28,019 


-27.0 tons 


$23,009 


20 years 


$550 


250.0 tons 


$101,500 


20 years 


$26,539 


-54.0 tons 


$13,401 




1 Blue Book 


2 10 K Miles per year 


3 Operating cost 




4 5% per year 


5 Vs. gas turbine 


6 Avoided cost 



Y\T\T1 hen I put this sign together for 

\ A / m y l300th in a local fair ' was 

ujL/an attempt to rebut the time- 
worn argument that we've all heard— 
solar electricity is too expensive. 

As a newbie solar contractor, I was appalled at the negative 
attitude of my more experienced peers regarding cost. As an 
experienced remodeling contractor, I knew that cost was not 
necessarily a factor. For example, my clients would spend 
US$1 ,500 on a bathroom faucet, or US$20 per square foot 
on tile. 

The products of the auto industry are never subjected to the 
kind of scrutiny regarding cost effectiveness to the purchaser 
that renewable energy products must endure constantly. 
Let's get over it! PV gives a tax-free return on investment 
(ROI) of 4 percent over the life of the system (50 years) in 
Seattle, Washington, right now. Compare that to a passbook 
savings account that presently yields around 1 percent. 

If you don't remember anything else about my sign, 
remember that if you can afford a car, you can afford a 
solar-electric system. Perhaps PV module manufacturers 
could take a hint from the auto industry and offer zero 
percent financing. 



What if we selected our mode of transportation the way we 
are told that we must select our source of electricity? Those 
of us who live in cities would all be using public 
transportation or bicycles, unless we were hauling loads. 
(How often do you see an SUV on the road with more than 
one or two occupants?) 

In the comparison chart, the Jeep values are Blue Book 
prices, Jeep emissions were based on 10,000 miles per 
year, and Jeep cost is incremented by the cost per mile 
allowed by the IRS. The PV is devalued 0.5 percent per year. 
RETScreen (from Natural Resources Canada) was used to 
compute ROI and emissions saved compared to a modern 
gas turbine generator, and to decrement the PV cost based 
on a current utility rate of 8.7 cents per KWH. The installed 
cost of the PV system is US$6 per watt. We do 'em for as 
low as US$5.75, give the purchaser a 50 year product, and 
still make money, all without rebates. 

So where is your money going — down the road or back in 
your pocket? 

Access 

Jeremy Smithson, Puget Sound Solar, 5308 Baker Ave. NW, 

Seattle, WA 98107 • 206-706-1931 

Fax: 206-297-1814 • jeremy@pugetsoundsolar.com 

www.pugetsoundsolar.com 

m 



Home Power #90 • August / September 2002 





National Builders 



^KyDCERB 



819 W. ViHBi 
ntiwersvillei 



LKnXg 



KYOCERA SOLAR, INC 






Meeting your electrical energy needs 



| JL. M I ■ _ 



Unbreakable 
Lightweight 
Reliable 
Weather Resistant 




UL Approved 
Flexible 
Shadow Tolerant 
Durable 



At a time when power is in demand. 
UK/SOLAR 



Bekaert ECD Solar Systems, LLC 

3800 Lapeer Road • Auburn Hills, Ml 48326 

(800) 843-3892 • Fax: (248) 364-0510 

www.uni-solar.com 



The Power To Change The World 



Sustainable Energy Solutions Through Innovation 



Solar Electric Inc. 
5555 Santa Fe Street, Suite D 
San Diego, CA 92109 
(800) 842-5678 • Fax: (877) 842-5678 
www.solarelectricinc.com 
solar@cts.com 




Still Featuring Products By 



^KyrjcERa 

KYOCERA SOLAR, INC. 



Expanded Product Offering 

Flexible and Friendly Customer Service 

Technical Assistance and Friendly Sales People 

New and Attractive Web Site Featuring "Watts Dis 
a Solar Forum For Novices and Techies 

In Addition To Our Expanded Array of Renewable Energy Products 
We Are Proud To Continue With A Full Line of Quality Kyocera Solar Products 

Free Sunelco Planning Guide and Product Catalog to HP Readers 



1-800-338-E844 
www.sunelca.CDm 

100 Skeels Street, PO Box 787, Hamilton, MT 59840 
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Be Part of the Solution MJSIJJ&tfJ 



Murdoch University ofton qua 1 1 lira Mori 5 in ihe rcchpicd 
Drcnnnmic and policy aipadi o4 rencr^ablD ancrgy. 




Qocrktbr of ftfuvwubiv Energy 
Engineering San-earnp-js anryl 
PDsCgraduaic CciiificaEn qr 
QipRpPTHz (Energy Stodfcc*/ 
Energy JL f rwjran mn-nn 

Emrgyl 

liesearch Ptegniei 

PmFciiiDnal tocvHilnpnienl Courses 



These qualifications are available on campu-s 
or via ifie mFernef, enabling part- rime or 
lull rime sludy, anywhere in the world I 

Far further information contnct: Dr Chm Lund, 
Murdoch UnivftrtFty, Perth, Western Australia 61-50 
Ph +61 {0)8 9360 23 &4 Fas +6 J |0] & 9360 6133 

EiriQhl C. LuFKtejnurdoch.adu.au 
http;/ / www.CHTS.inuriioch.edu.au/-Bucaf (an 



iVI^/P'/il/^l^ 

r!ir-UF-rov/=;^ 




ov=&«!> (if faoyiyifis ;*=l/A:jl=, =n7i;^^w=i x j tall/ 
FtiK utju ry wr sans a;ji> nzmrs. uni&n<M& 




To receive information on our complete line of quality 
RE products and the H P Solar-One Battery call 
800-718-8816 or 208-267-6409 9 am-4 pm pst 
6778 El Paso St. Bonners Ferry, ID. 83805 
www.hupsolarone.com batteries@nwes.com 



• H P Solar-One still has the best warranty in the 
business! 

• H P Solar-One positive plates are wrapped in an 
envelope! 

• H P Solar-One uses a patented recipe to achieve 
extra life at deeper cycles than the competition! 

• H P Solar-One has removable cells for easier 
installation! 

• H P Solar-One offers free shipping in the lower 48 
states! 

• H P Solar-One uses flip top caps that make 
maintenance quicker! 

• Hi P Solar-One is available in 9 sizes, reducing 
paralleling! 

• H P Solar-One provides all interconnecting 
hardware! 

• H P Solar-One has over 9 sq. in. of terminal area for 
multiple lug connections! 

• H P Solar-One batteries have been in RE service for 
over 10 years! 

H P Solar-One Batteries! 

There Is A Difference! 
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Choosing a Home-Sized Wind Generator 

Mick Sagrillo 



©2002 Mick Sagrillo 



V^V ou're about to make the big 

decision: should a wind generator 
be in your future? You've analyzed 
your resources, both environmental and 
monetary, and weighed the pros and 
cons of having a wind generator. The 
only question left is: which system 
should you choose? 

I can't answer that question for you. However, I can give 
you the tools to help you make that big decision. Those 
tools are the detailed information and specifications for 
a variety of wind-electric systems, along with some 
personal observations based on 22 years of working 
with home-sized wind-electric systems. An appendix 
with additional discussion and technical commentary 
can be downloaded from Home Power's Web site. 

Apples and Oranges (A&O) was originally published in 
1993 and updated in 1995 and 1998. Meanwhile, a lot 
has happened in the small wind turbine industry. One 
company went out of business, two more entered the 
field, and one manufacturer bought out a competitor. A 
number of wind generator models went out of 
production, and some new models were introduced. 
While it's been a tumultuous four years since A&O was 
last published, perhaps the shakeout in the marketplace 
has at last ended, and things have settled down for the 
U.S., small wind turbine consumer. 



Background 

This article will review most of the wind generators that 
are sold and supported in the United States. One 
European manufacturer and one African manufacturer 
are represented by U.S. distributors. A number of new 
turbines are on the drawing boards, but they are not 
included here. In addition, at least six non-U. S. 
manufacturers are considering exporting their wares to 
the U.S., but have not yet done so. 

Several wind turbines currently available on the Internet 
are not covered by this article. The reason for their 
exclusion is the outlandish claims made like, "Get a 
kilowatt for only $250." When compared to other 
commercially available wind generators, this sounds too 
good to be true. As the old adage leads us to conclude, 
it probably is. 

As another example, I ordered and paid for a new 
turbine back on November 1, 2001 from a manufacturer 
trying to enter the business. As of June 2002, that 
turbine has not been delivered, and the manufacturer is 
impossible to get ahold of by phone or e-mail. While 
their turbine is a promising design, some companies 
just aren't ready for prime time yet. So, if it's not covered 
in this article, you'll have to draw your own conclusions. 

This article diverges from past articles in covering only 
"home-sized" wind generators. In the past, A&O has 
included a large number of microturbines, those wind 
generators whose primary niche is sailboats, RVs, 
remote telecommunication sites, and other specialty 
markets. 
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While microturbines certainly provide valuable electricity 
to many remote applications, the intended user of this 
version of A&O is the homeowner who wants to install a 
wind-electric system on an adequate tower for either on- 
grid or off-grid production of substantial amounts of 
electricity for a home. 

A word on failures is in order. You may know someone 
who has owned one of the wind generators reviewed 
here, and has experienced a failure of some sort, 
maybe even a catastrophic failure. Don't prejudge all 
wind generators based on a few isolated instances. 
Sure, there have been failures, even with the best of 
wind-electric systems. Paul Gipe, author of Wind Power 
for Home & Business, reminds us to look only as far as 
the automotive industry for a comparison. The auto 
industry is a multibillion dollar industry, spanning more 
than ten decades. Yet they still don't always get it right, 
as evidenced by the numerous annual recalls of their 
products. 

What you should be interested in is trends — not the 
occasional failure. Problems with a wind generator 
usually occur early in the system's life. All wind 
generator manufacturers have experienced some 
failures, as have all other RE equipment manufacturers. 
Numerous reports of problems with a particular 
manufacturer should raise a red flag in your mind. 

In addition, Joe Schwartz of Home Power magazine 
suggests checking out the customer service reputations 
of the manufacturers or distributors before buying. Your 
best bet is to discuss the wind generator you plan to 
purchase with as many owners as you can, not just your 
dealer or the manufacturer. Remember that 
manufacturers and dealers have something to sell. A 
pleased or disgruntled user doesn't. 

The comparison table summarizes all of the various 
features that you should seriously consider when 
shopping for your wind-electric system. This article 
explains how to interpret the information in each row of 
the table. All of the information in the table (except 
where noted) has been provided by the manufacturers. 

Manufacturer & Model 

Contact information for manufacturers and major U.S. 
distributors listed in the table appears at the end of the 
article. All of the wind generators presented are new 
equipment, with the exception of the remanufactured 
Jacobs Wind Electric generators (short case and long 
case Jakes). The Jacobs 31-20 is a new machine, 
based on another Jacobs design. 

Even though the old Jacobs has not been made for 50 
years, they are still considered by many to be top-of-the- 
line technology. As such, they have been 



remanufactured (that is, completely rebuilt with many 
new components and put back onto the streets with a 
warranty) by various companies for at least the last 28 
years. The Jacobs wind generator is the yardstick by 
which many judge today's wind equipment. 

Swept Area & Rotor Diameter 

To help with comparisons, the various wind generator 
models are listed in ascending order of swept area and 
rotor diameter. This is a radical departure from the way 
most manufacturers rate their various turbine models, 
as well as from previous versions of A&O. You'll see why 
when you read my comments on cost. 

The "rotor" is defined as the entire spinning blade 
assembly, including the hub to which the blades are 
attached. The rotor is essentially the collector of the 
wind generator — gathering fuel in the form of wind, and 
converting it into electricity by driving the generator. 

Think of the rotor in the same terms as we describe a 
solar water heater. One 4 by 8 solar hot water panel (32 
square feet) will collect a certain amount of sunlight and 
produce a proportional amount of hot water. If you 
double the number of panels, you double the collector 
area (now 64 square feet), thereby doubling the amount 
of sunlight you can collect and the amount of hot water 
you can produce. Swept area works much the same 
way. 

The rotor converts the movement of air passing through 
the two or three blades into the rotational momentum 
that turns the generator, thereby generating electricity. 
Just like a solar water heater's area, a wind generator's 
rotor size is a pretty good measure of how much 
electricity the wind generator can produce. The larger 
the swept area of the wind generator's rotor, the more 
electricity it can produce. 

While manufacturers rate their products at different 
peak wattages, the output of a wind generator is 
primarily a function of its swept area. Other features will 
influence output, such as high-tech airfoils and more 
efficient generators. However, they pale when compared 
to the overall influence of the size of the rotor. 

Mike Klemen, a seasoned wind generator user and 
tester in North Dakota says, "Ultimately, we must realize 
that energy production comes from square feet." Hugh 
Piggott of Scoraig Wind Electric in Scotland contends, 
"Swept area is easier to measure and harder to lie 
about than performance. What we'd like to know is KWH 
per month, but until we get more independent testing 
done, swept area is a good guide." Swept area is the 
most critical feature that will help you compare the 
output of one wind generator with another. 
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Jacobs 31-20: 

754.0 sq. ft. swept area 
31 .0 ft. rotor diameter 



Proven WT 6000: 

254.0 sq.ft., 18.0 ft. dia. 



Jacobs, Short & Long: 

154.0 sq.ft., 14.0 ft. dia. 

Proven WT 2500: 

96.7 sq.ft., 11.1 ft. dia. 

Proven WT 600: 

55.4 sq.ft., 8.4ft. dia. 
Whisper H40: 

38.5 sq.ft., 7.0ft. dia. 




Bergey Excel- R & S: 

346.0 sq.ft., 21.0 ft. dia. 



Whisper 175: 

176.0 sq.ft., 15.0 ft. dia. 

African Wind Power 3.6: 
109.0 sq.ft., 11.8 ft. dia. 

Whisper H80: 
78.5 sq.ft., 10.0 ft. dia. 

Bergey XL.1 : 
52.8 sq.ft., 8.2ft. dia. 

Mick: 

5.6 ft. 



Cut-in Wind Speed 

This is the wind speed at which the wind generator 
begins producing. For all practical purposes, wind 
speeds below about 6 to 7 mph (3 m/s) provide little or 
no usable energy, even though the blades may be 
spinning. From my perspective, a few watts does not 
result in usable energy. At best, this minimal output only 
overcomes the power losses caused by a long wire run 
or the voltage drop due to diodes. 

We are beginning to see high-tech controllers that are 
able to "store" the small amount of energy available at 
low wind speeds in the alternator windings. This energy 
is then pulsed to the batteries in a manner similar to a 
pulse width modulated charge controller. The new 
Bergey XL.1 uses such a controller. 

Rated Wind Speed 

This is the wind speed at which the wind generator 
reaches its rated output. Note that not all wind 
generators are created equal, even if they have 
comparable rated outputs. 

There is no industry standard for rated wind speed. "So 
what?" you ask. The listed wind generator companies 
rate their turbine output at anywhere from 18 to 31 mph 
(8-14 m/s). This may not sound like such a big deal 
until you understand that there is potentially 511 
percent more power in a 31 mph wind than in an 18 
mph wind. 



To drive home the example, let's use 16 and 32 mph 
instead of 18 and 31 . The power in the wind available to 
a wind generator is defined by the equation: 

P = 1 /2 d x A x V 3 

Where P is power, d is density of the air, A is the swept 
area of the rotor, and V is wind speed. Notice that wind 
speed is cubed. In other words, the equation really 
reads P = 1 /2dxAxVxVxV. 

We can simplify the relationship by stating that P ~ V 3 , 
that is, P is directly proportional to the cube of the wind 
speed. If we double the wind speed (V), the power (P) 
increases by 800 percent. So there is 800 percent more 
power available to the rotor at 32 mph than at 16 mph. 
Viewed in reverse, there is Vs the power in a 16 mph 
wind compared to a 32 mph wind. 

Let's say we have two wind generators, both rated at 
1,000 watts. Lots-o-Watts is rated at 16 mph and 
Mighty- Watts at 32 mph. At 32 mph, they're both 
producing 1,000 watts, right? But at 16 mph, Lots-o- 
Watts is still producing 1,000 watts, whereas Mighty- 
Watts is only producing Vs that amount, or a paltry 125 
watts! 

All of this means that the lower the rated wind speed, 
the more energy a wind generator will produce, given its 
rated output. As a consumer, therefore, you should be 
particularly interested in machines with low rated wind 
speeds. 
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Rated Output 

This measurement is taken at an arbitrary wind speed 
that the manufacturer designs for. It tends to be at or 
just below the governing wind speed of the wind 
generator. Any wind generator may peak at a higher 
output than the rated output. The faster you spin a wind 
generator, the more it will produce, until it overproduces 
to the point that it burns out. Manufacturers rate their 
generators at a safe level, well below the point of self- 
destruction. 

You are not necessarily interested in the rated output of 
a wind generator. A turbine with a high rated wind speed 
will invariably cost less than one with a lower rated wind 
speed, for the same rated output. How can this be? 
Refer back to the power equation mentioned above. A 
higher wind speed gives a certain wattage to the 
manufacturer at a smaller rotor diameter, smaller 
physical size of the generator, and subsequently less 
weight. All of this means less cost for the manufacturer, 
and less cost to you. 

But remember, it takes a higher wind speed to achieve 
that rating. In a 12 mph (5 m/s) average wind speed 
site, you will see 18 mph (8 m/s) winds a mere 3 
percent of the time. Not much, you say. But you will see 
31 mph (14 m/s) winds for less than 0.2 percent of the 
time. 

Rated output comes to us from the photovoltaic 
industry, where panels are tested for output at a fixed 
light intensity and a fixed temperature. The wind industry 
has no such fixed standards. So, while comparing PVs 
based on rated wattage makes for great cost 
comparisons, comparing rated outputs is a poor way to 
compare wind generators. You are far better off 
comparing swept areas, or the KWH per month of 
electricity the different systems will produce at different 
average wind speeds. 

Peak Output 

This figure may be the same as rated output, or it may 
be higher. Wind generators reach their peak output 
while governing, which occurs over a range of wind 
speeds above their rated wind speed. Although widely 
touted by some marketers, it has limited relevance to 
the buyer. To quote Hugh Piggott, "Peak or rated output 
specifications for small wind turbines can be red 
herrings unless you take the rated wind speed into 
account, and yet these specs are all the customers 
seem to want to know about." 

Wind turbines are not PVs, don't operate in the same 
manner, and should not be rated in the same way. What 
you should be asking is what wind energy engineer Eric 
Eggleston asked, "What will this wind generator do at 
my site in my average wind speed?" 



Maximum Design Wind Speed 

Bandied about by marketing departments, this term has 
little bearing on the expected life of a wind generator. 
Wind generators are designed by engineers, on paper, 
to survive wind speeds of 120 mph (54 m/s) or more. 
Unfortunately, wind turbines are not tested for these 
survival speeds because, quite frankly, it's a very 
difficult thing to test for, or to test repeatedly. 

Much of the survival speed documentation we have is 
not from actually testing turbines at those speeds, but 
from anecdotal situations. Bergey Windpower might 
boast that their machine survived a hurricane in Kansas 
that blew Toto away from Dorothy. Great, but what have 
we learned? 

I don't mean to demean claims like this, but again, they 
are difficult to test, and everybody supposedly designs 
their turbines for extreme winds. In fact, Bergey 
Windpower has actually had very good success 
designing their turbines to survive such high winds. 
How? By making their wind generators very robust, very 
heavy duty. 

Does that mean that any turbine will survive a 100 mph 
(45 m/s) storm? Maybe, maybe not. A 100 mph wind 
that is coming straight on is fierce, I'll grant that. But 
have you ever watched a wind generator sited on a 
short tower near trees and buildings? The poor thing 
hunts around continuously, all the while buffeted by the 
turbulence caused by the short installation height, along 
with the nearby ground clutter. I have seen more wind 
turbines destroyed by turbulence than I have seen 
destroyed in survival-rated high winds. 

Furthermore, a 100 mph wind packs an awesome 
wallop, and while wind generators and their towers can 
be designed to withstand those winds, there's no 
guarantee that they will. I live in dairy country in 
northeast Wisconsin. During our last 100 mph wind, 
cows were flying through the air! If a cow, or a 2 by 4, or 
a sheet of plywood hits the wind generator or tower, it 
will probably crumble, regardless of what wind speed 
the system was designed for. Flying debris is what takes 
out many turbines in high winds. You can't design for 
flying lumber or livestock. 

So what should you look for if not maximum design wind 
speed? I look for tower top weight, which is a pretty 
good indicator of reliability. My experience is that heavy 
duty wind generators survive, and light duty turbines do 
not. While all of the units listed are rated for 120+ mph 
(54+ m/s) winds, in-field experience indicates that many 
of the lighter turbines cannot handle sites with heavier 
winds or turbulence. Be forewarned! Weight, by the way, 
will be reflected in the price. You'll only get what you pay 
for. 
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Model 


Whisoer H40 

lllllWMvl 1 1 ■ \J 


BWC XL 1 


WT 600 


Manufacturer 


Southwest Windpower 


Bergey Windpower 


Proven Engineering 


Swept area, square feet 


38.5 


52.8 


55.4 


Rotor diameter, feet 


7.0 


8.2 


8.4 


r^ut-in wind QnppH mnh 

vUl III VVIIHJ OjJCCU , 1 1 I^JI 1 


7 ^ 


\J.\J 




Ratpd wind ^nppd mnh 

1 ICILC/^ VV 1 1 IU OUUUUj 1 1 IUI 1 


28.0 


24.6 


22.5 


Rptpd ni itni it watte 


900 


1 000 


600 


Pppkniitnut wpittQ 

1 C/CtrV UULjJUL, VVdllO 


900 


1 800 

1 ,uuu 


700 


Maximum design wind speed, mph 


120 


120 


145 


Rpm at rated output 


1,150 


490 


500 


Blade material 


Injection molded plastic 


Pultruded fiberglass 


Polypropylene 


Tip speed ratio (TSR) 


10.3 


5.8 


6.7 


Generator type 


PM3AC 


PM 3 AC to DC 


PM 3 AC 


Governing system 


Angle governor 


Side facing 


Hinged blades 


Governing wind speed, mph 


28.0 


29.0 


22.5 


Shut-down mechanism 


Dynamic brake 


Dynamic brake 


Disc brake optional 


Tower top weight, pounds 


47 


75 


154 


Lateral thrust, pounds 


150 


200 


450 




Battery system voltages 


12 to 48 


24 


12, 24, or 48 


Controls included in cost 


Controller & dump load 


Battery controller 


Battery controller 


Utility intertie 


With batteries 


With batteries 


With batteries 


KWH / month @ 8 mph 


30 


55 


42* 


KWH / month @ 9 mph 


45 


85 


66* 


KWH/ month @ 10 mph 


65 


115 


83* 


KWH/ month @ 11 mph 


80 


150 


113* 


KWH/ month @ 12 mph 


105 


188 


124* 


KWH/ month @ 13 mph 


125 


220 


146* 


KWH/ month @ 14 mph 


155 


250 


Mr*-?* * Estimated 
ID/ by author 




Cost, US$ 


$1,495.00 


$1,695.00 


$3,338.00 


Cost per sq. ft. swept area, US$ 


$38.83 


$32.10 


$60.25 


Cost per pound, US$ 


$31.81 


$22.60 


$21 .68 


Weight per swept area, pounds 


1.22 


1.42 


2.78 


Weight per TSR, pounds 


5 


13 


23 




Years in production 


3 


1 


5 


Warranty, years 


2 


5 


2 


Routine maintenance 


Annual inspection 


Annual inspection 


Annual inspect & grease 


Notes 






Downwind 
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Whisper H80 


WT 2500 


AWP 3.6 


Jake, Short Case 


Southwest Windpower 


Proven Engineering 


African Windpower 


Abundant Renewable Energy 


78.5 


96.7 


109.0 


154.0 


10.0 


11.1 


11.8 


14.0 



7.0 


6.0 


6.0 


6.0 


26.0 


26.0 


25.0 


18.0 


1,000 


2,500 


1,000 


2,400 


1,000 


2,900 


950@24 V; 1 ,050@48 V 


2,400 @ 48 V 


120 


145 


1 00 Experienced 


80 Operating; 100 furled 



900 


300 


350 


225 


Injection molded plastic 


Polypropylene 


Fiberglass 


Sitka spruce 


13.4 


4.6 


5.5 


5.0 



PM 3 AC 


PM 3 AC 


PM 3 AC 


DC 


Angle governor 


Hinged blades 


Side facing 


Blade pitch governor 


26.0 


26.0 


25.0 


23.5 


Dynamic brake 


Disc brake 


Dynamic brake 


Folding tail 


65 


440 


250 


500 


250 


1,124 


250 


750 



12 to 48, or 220 


24, 48, 120, or 240 


12, 24, 48, or 220 


24 to 48 


Controller & dump load 


Battery controller 


Battery controller 




With batteries 


With batteries 


With batteries 


With batteries 



60 


167* 


75 


240* 


90 


206* 


105 


300* 


125 


292* 


130 


340* 


160 


333* 


168 


410* 


190 


417* 


192 


460* 


215 


465* 


226 


500* 


265 


c^q* * Estimated 
Die. by author 


246 


l~p-r\* * Estimated 
ODU by author 



$1 ,995.00 


$6,900.00 


$2,214.00 


$8,700.00 


$25.41 


$71.35 


$20.31 


$56.49 


$30.69 


$15.68 


$8.86 


$17.40 


0.83 


4.55 


2.29 


3.25 


5 


96 


45 


100 



3 


9 


3 


20 


2 


2 


2 


2 


Annual inspection 


Annual inspect & grease 


Annual inspect & grease 


Annual inspect & grease 


HVLV available 


Downwind 


HVLV available 


Includes stub tower 
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.lakp 1 nnn Haqp 

OClfXC; LUI 1 M, VfldC 


V V 1 119 M v 1 1 i J 


WT fiOOfl 

VV 1 \J\J\J\J 


Manufacturer 


Abundant Renewable Energy 


Southwest Windpower 


Proven Engineering 


Swept area, square feet 


154.0 


176.0 


254.0 


Rotor diameter, feet 


14.0 


15.0 


18.0 


uUl III VVIIIU oUtrCU, iiipii 


D.U 


7 


r n 


Rptprl winrl qpippH mnh 
i iciLCvj vviiiu opccu, iiipii 


9 a n 




99 n 


R^tpH ni itni it wpttQ 

ridlCU UUljJUl, VVclllo 


^ fioo 

o,ouu 


^ ODD 


fi ODD 


Ppak ni itni it watte 
rt7dr\ UUL|JUL, VVclllo 


Q RDD Co) 4ft V 






Maximum design wind speed, mph 


80 Operating; 100 furled 


120 


145 


Rpm at rated output 


325 


500 


200 


Blade material 


Sitka spruce 


Fiberglass composite 


Wood epoxy composite 


Tip speed ratio (TSR) 


5.0 


10.0 


5.8 


Generator type 


DC 


PM 3 AC 


PM 3 AC 


Governing system 


Blade pitch governor 


Angle governor 


Hinged blades 


Governing wind speed, mph 


27.0 


27.0 


26.0 


Shut-down mechanism 


Folding tail 


Dynamic brake 


Disc brake 


Tower top weight, pounds 


600 


175 


948 


Lateral thrust, pounds 


800 


700 


2,248 




Battery system voltages 


24 to 48, or 120 


24 to 48, or 220 


48, 120, or 240 


Controls included in cost 




Controller & dump load 


Battery controller 


Utility intertie 


With batteries 


With batteries 


With batteries 


KWH / month @ 8 mph 


240* 


170 


417* 


KWH / month @ 9 mph 


300* 


230 


564* 


KWH/ month @ 10 mph 


340* 


330 


667* 


KWH/ month @ 11 mph 


440* 


410 


917* 


KWH/ month @ 12 mph 


520* 


540 


1 ,083* 


KWH/ month @ 13 mph 


610* 


620 


1 ,250* 


KWH/ month @ 14 mph 


"7r\r\* * Estimated 
/ UU by author 


720 


a a a -7* ' Estimated 
I ,4 I / by author 




Cost, US$ 


$9,200.00 


$5,455.00 


$13,100.00 


Cost per sq. ft. swept area, US$ 


$59.74 


$30.99 


$51.57 


Cost per pound, US$ 


$15.33 


$31.17 


$13.82 


Weight per swept area, pounds 


3.90 


0.99 


3.73 


Weight per TSR, pounds 


120 


18 


163 




Years in production 


20 


4 


4 


Warranty, years 


2 


2 


2 


Routine maintenance 


Annual inspect & grease 


Annual inspection 


Annual inspect & grease 


Notes 


Includes stub tower 


2 Blades; HVLV 


Downwind 
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BWC Excel-R 


BWC Excel-S 


Jacobs 31-20 


Bergey Windpower 


Bergey Windpower 


Wind Turbine Industries 


346.0 


346.0 


754.0 


21.0 


21.0 


31.0 




8.0 


8.0 


8.0 


31.0 


31.0 


26.0 


7,500 


10,000 


20,000 


8,500 


12,000 


20,000 


125 


125 


120 



310 


310 


175 


Pultruded fiberglass 


Pultruded fiberglass 


Fiberglass over foam 


7.5 


7.5 


7.5 



PM 3 AC 


PM 3 AC 


Brushless 3 AC 


Side facing 


Side facing 


Blade pitch governor 


34.0 


34.0 


26.0 


Crank-out tail 


Crank-out tail 


Disc brake 


1,020 


1,020 


2,500 


2,000 


2,000 


2,500 



24, 48, 120, or 240 


Grid-tie only 


Grid-tie only 


Battery controller 


Utility-intertie inverter 


Utility-intertie inverter 


Use Excel-S instead 


Inverter included 


Inverter included 




340 


240 


819 


500 


370 


1,160 


680 


520 


1,644 


880 


700 


2,142 


1,090 


900 


2,691 


1,320 


1,130 


3,274 


1,550 


1,370 


3,872 



$19,400.00 


$22,900.00 


$23,500.00 


$56.07 


$66.18 


$31.17 


$19.02 


$22.45 


$9.40 


2.95 


2.95 


3.32 


136 


136 


333 




19 


19 


20 


5 


5 


1 


Inspect every 2 years 


Inspect every 2 years 


Annual oil, grease, & inspect 






Gear box 
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Rpm at Rated Output 

This is the alternator or generator rpm at which rated 
output occurs. Generally, the smaller the rotor, the faster 
the blades spin. Generator rpm will have an effect on 
the amount of noise that the wind generator makes. 
High rpm wind generators also experience more stress 
due to centrifugal forces, which are constantly trying to 
tear the machine apart. 

Bearing life is also affected by rpm. Bearing life is 
dependent on the load on the bearings, plus the speed 
at which those bearings spin. Light duty, high-speed 
wind turbines typically have a shorter bearing life than 
slow-speed, heavier machines — yet another benefit of 
heavy duty machines. 

Blade Material 

Within the last eight years, a number of new materials 
have become available for making wind generator 
blades. 

While more expensive for materials and labor, wood is 
still considered by some to be the tried and true material 
of choice for blades. Blades do a lot of flexing. That's 
what trees did as a side job for most of their lives, as 
they swayed in the ever-changing breezes. Without 
question, Sitka spruce is the primo material for wood 
blades. It has one of the highest strength-to-weight 
ratios of any material ever used by blade makers, as 
well as airplane and boat builders. 

Wood blades need exceptional paint coatings to protect 
them, along with a durable leading edge tape to protect 
the blades from abrasion due to dust and insects in the 
air. Both paint and leading edges need maintenance. If 
the paint cracks or the leading edge tape tears away, 
resulting in wood exposed to the elements, the wood 
will quickly erode. Moisture entering these areas will 
cause an unbalanced rotor, stressing the wind 
generator over time. Wooden blades must be inspected 
annually, with repairs made as soon as damage is 
discovered. 

Since good wood is ever more difficult to secure, as well 
as labor intensive to convert into quality blades, most 
manufacturers have moved away from wood and 
towards synthetic materials for their blades. A number of 
synthetics are currently in use. 

One good replacement for wood blades is fiberglass 
over a foam core. The foam gives body to the blade, 
while the fiberglass covering laid up over the foam 
results in an extremely durable, smooth blade surface. 
The leading edge of fiberglass blades is also covered 
with an abrasion resistant tape to protect it from erosion. 
This tape needs periodic replacement. 



A variation on fiberglass blades is to use a carbon fiber 
composite for an even tougher blade surface. Yet 
another variation on fiberglass is to use the material, not 
on the outside of the blade, but throughout the entire 
blade. One technique, known as pultrusion, is used by 
Bergey. 

Pultruded fiberglass blades are made in a process that 
resembles making spaghetti. Spaghetti dough is 
squeezed through a hole in a die, and then cut to 
length. Pultruded blades are made by pulling fiberglass 
through a die along with fiberglass cloth, to make the 
form of the airfoil. Lengths are cut, the blade butts are 
fabricated and added to the blades, and, voila — you 
have Bergey blades. 

Plastics are also being used for blades. Southwest 
Windpower uses injection molded plastic for the blades 
on their Whisper H40 and H80. Proven Engineering 
uses a hollow polypropylene blade, another form of 
plastic. One potential advantage of plastic blades is that 
they should be relatively inexpensive to replace when 
that time comes. They're also tough and impervious to 
water. 

Blade color is not included in the table, but should be 
mentioned. Most blades are white, while a few are 
colored (blue or gray, for example) to blend in with the 
sky. Plastic and carbon-fiberglass blades are black. 
When I first encountered black blades, I thought they 
would look horrendous on the landscape. Interestingly, a 
black rotor almost disappears in the sky when spinning. 

Tip Speed Ratio (TSR) 

The performance of a blade's airfoil (shape) is a function 
of the ratio of the speed of the tip of a blade to the wind 
speed. A low-speed blade will have a TSR of 5 or 6 to 1 , 
while a high-speed blade with a TSR of 1 or 1 1 to 1 will 
be a less efficient performer. 

So why use a high TSR airfoil? Faster spinning blades 
allow a manufacturer to build a smaller generator 
(therefore, lighter weight) to get a certain output. 
However, the faster the blades spin, the more noise they 
make, especially when governing. A much more 
detailed discussion of airfoils and tip speed ratio can be 
found in the A&O '02 Appendix on HP's Web site. 

"Number of blades" has not been included in this 
version of A&O, since all of the models listed have three 
blades except for one, the Whisper 1 75. While a number 
of manufacturers have offered two-bladed wind 
generators in the past, most no longer do. Three-bladed 
wind generators avoid yaw chatter, which happens 
when a two-bladed machine yaws. "Yaw" is a term that 
refers to a wind generator pivoting on its bearings 
around the tower top to follow the continually changing 
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direction of the wind. See the A&O '02 Appendix on 
HP's Web site for further discussion of this issue. 

So, what about the only two-bladed machine on the 
market, the Whisper 175? In the "Whisper 175 
Redesign Status Report" dated February 14, 2002, 
Southwest Windpower announced that they are 
redesigning the blade plate for the 175. The blade plate 
they are considering will be made of heat treated spring 
steel, like the springs in a car. In theory, the spring plate 
will flex to absorb some of the yawing vibration to try to 
mitigate the yawing chatter on the two-bladed Whisper 
175. 

Regardless of the number of blades on the wind 
generator, proper blade balancing is critical for a smooth 
running machine. Severe chattering or a poorly 
balanced rotor may result in the failure of the wind 
generator or, in extreme cases, the tower. Look for an 
unbalanced rotor to show up as tail wagging. 

All of the wind generators listed are upwind generators, 
with the exception of the Proven wind turbines. Upwind 
generators use a tail to orient the turbine into the wind. 
Downwind machines have no tails. With a downwind 
turbine, the wind blowing on the rotor literally pushes it 
away from the tower, thereby keeping the blades 
oriented into the wind. While some are biased towards 
either an upwind or downwind configuration, I think 
either style works just fine. 

Generator Type 

Three types of electrical generators are used in wind- 
electric systems: permanent magnet (PM) alternators, 
DC generators, and brushless alternators. All three do a 
fine job of generating electricity. 

In general, PM alternators are lighter weight, less 
complicated, and less expensive to manufacture than 
either DC generators or brushless alternators. These 
latter two require more copper and labor to 
manufacture, but they match the power curve of the 
rotor more closely. 

A more detailed analysis of the pros and cons, plus the 
various design parameters of the alternators and 
generators used in wind-electric systems, can be found 
in the A&O '02 Appendix on HP's Web site. 

All of the wind generators listed are direct drive units 
with the exception of the Jacobs 31-20, which uses a 6 
to 1 gear box in the design. Direct drive means that the 
blades directly drive the generator, with no gears. The 
advantage of gear drive machines is that they can 
deliver kilowatt-hours at a lower cost than direct drive 
machines. It's cheaper to add a gearbox than to custom 
design a large, slow-speed generator. The downside is 



that gearboxes add lots of moving parts, which 
translates to more wear and tear, and more 
maintenance. 

Governing System 

Governing is necessary for two reasons. The governor 
protects the generator itself from overproducing and 
burning out, and it protects the entire system from flying 
apart in high winds. The governing devices used on all 
of these wind generators fall into two general 
categories — those that reduce the area of the rotor 
facing the wind, and those that change the blade pitch. 

Changing the swept area of the rotor is accomplished 
by tilting the rotor up and out of the wind, side facing the 
rotor out of the wind by moving it around the tower 
(Bergey and AWP), or by a combination of the two 
(Whisper). In all cases, the fixed-pitch rotor is offset 
either above or to the side of a pivot point. Wind 
pressure on the offset rotor causes the rotor to pivot out 
of the wind. 

These governing mechanisms are almost a foolproof 
method of controlling rotor speed. However, they do 
come at a cost. Once the rotor governs by tilting up or 
side facing, it often produces very little because it is no 
longer oriented to the wind. One exception to this is the 
AWP, which maintains its power curve in the governed 
position. 

Blade-activated governors (all of the Jacobs) work by 
pitching the blades out of their ideal alignment to the 
wind. Because these governors operate due to 
centrifugal forces, the greater the rotor speed, the 
greater the degree of pitch on the blades. Having more 
moving parts than either the tilt-up or side-facing 
mechanisms, they are more complicated governing 
devices. More moving parts means more parts to 
maintain or replace sometime in the life of the turbine. 
However, they offer much better power output in high 
winds compared to governors that reduce swept area. 

Finally, the Proven turbines also govern by pitching the 
blades, but not only due to centrifugal forces as with the 
Jacobs. In addition to springs, the Proven blades have a 
hinge built into the blade butts. In origami fashion, the 
blades fold and twist in high winds, changing the ideal 
blade pitch, stalling the blades, and thereby reducing 
rotor speed. In very high winds, the blades also cone 
back and away from the tower, cleverly resulting in a 
reduced swept area. 

Governing Wind Speed 

The wind velocity at which the governing mechanism is 
fully operational occurs somewhere between the wind 
generator's rated power output and its maximum power 
output. 
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Wind Generator Noise 

Questions often arise about how much noise a particular wind generator 
makes. For the most part, a well-designed wind generator is relatively quiet. 
By the time the wind generator is cranking enough to cause some noise, 
trees are rustling and buildings are rattling as well. But sometimes the wind 
genny rustles and rattles, too. What can you reasonably expect? 

First of all, wind generators are not PVs. PVs just lie on the roof and smile at 
the sky all day (what a job!). Wind generators are up there hustling in the 
wind, making lots of motion. Motion is often accompanied by sound 
emissions, or what some consider noise. From my perspective, wind 
generators should be seen and not heard. 

Two design parameters influence the amount of noise a wind generator 
makes. The first is tip speed ratio (TSR). Regardless of how they were 
designed, field observations from numerous owners say that high TSR rotors 
are noisy. Low TSR rotors, on the other hand, are generally quiet. 

Governing also affects the amount of noise a turbine makes, especially when 
combined with high rotor speed. A high-speed rotor that changes its plane of 
rotation by side facing or tilting up can create quite a bit of noise. In contrast 
to side-facing and tilt-back governors, pitching the blades to govern rotor 
speed is very quiet. 

Some permanent magnet (PM) wind turbines seem to reach a breakaway 
speed, a point where the rpm of the rotor really takes off. This is due to 
insufficient flux of the permanent magnets relative to the power available at 
the blades. Once the breakaway speed has been reached and rpm picks up, 
the rotor can get very noisy, especially when governing. Interestingly, this is 
not a problem with either the Proven wind turbines, or the AWP wind genny, 
all of which use PM alternators. The reason? They both use very low-speed 
alternators and low TSR blades. 

So, how quiet are wind generators? The sound can be virtually imperceptible 
from the surrounding environmental, or ambient, noise. Two turbines fall into 
this category, the remanufactured Jakes and the AWP. Most people don't 
even know they are running without looking at them to see if the blades are 
spinning. Two other turbines operate close to ambient noise level. These are 
the Jacobs 31-20 and all of the Proven wind turbines. 

The two things that all of these quieter turbines have in common is blade- 
pitch governors (except the AWP) and low operational rpm. While the AWP 
side faces, it has a very slow-speed rotor. As a result, the AWP is virtually 
silent when governing. 

What about all the rest of the turbines? Bergey has redesigned the blades on 
their 10 KW Excels, in part to reduce noise. Field reports point to their 
success in this endeavor. Owners of other turbines listed here have mixed 
responses about turbine noise. Some report a given model as quiet, while 
others have less positive things to say about the same genny's noise. 

If noise, or rather lack of noise, is as important to you as it is to me, I'd highly 
recommend that you experience the turbine you plan to buy in operation. 
Find one, and visit it when a front is approaching, or a thunderstorm is due to 
arrive. Listen to the turbine when it's running close to governing wind speed, 
and when it governs. If the noise is acceptable, buy the machine. If not, keep 
looking and listening. 



Shut-down Mechanism 

The shut-down mechanism is one of 
the most important considerations 
when buying a wind turbine. 
Stopping the rotor and shutting down 
the generator is desirable for 
maintenance or repairs, or whenever 
else you do not want the rotor to be 
turning, such as in a storm or when 
you are away for a period of time — 
not an unreasonable thing to want. 

Shut-down mechanisms fall into two 
categories, mechanical and elec- 
trical. A review of shut-down mechan- 
isms, their failure modes, and the 
turbines they are on is very revealing 
in that very few turbines have reliable 
shut-down mechanisms. 

One mechanical shut-down method 
is to fold the tail so that it is parallel 
to the blades. All of these systems, 
except the Proven turbines, have 
tails. If the tail is parallel to the rotor, 
the rotor is out of the wind, and it will 
slow down or stop. Folding the tail 
involves either cranking or 
uncranking a cable that will furl or 
unfurl the tail, depending on the 
system. The cable winch is at the 
base of the tower, meaning you must 
go out to the tower to accomplish the 
shutdown, which some might 
consider a drag — like at 3 AM during 
a thunderstorm. 

The Bergey Excel uses a winch and 
cable to crank the tail out of the wind. 
Unfortunately, the failure mode, (for 
example, if the cable breaks), is that 
the tail goes back into the wind. With 
the tail back into the wind, the rotor is 
back in business. By contrast, the 
remanufactured Jakes use a winch 
and cable to crank the tail into the 
wind. The failure mode if the cable 
breaks is that the tail furls, protecting 
the machine by taking the rotor out 
of the wind. Nice! In fact, this the only 
shut-down mechanism that is 
foolproof. 

Wind Turbine Industries and Proven 
use a mechanical disc brake that 
slows the rotor to a stop on their 
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wind turbines. A winch cranks a cable, which engages 
the brake. In high winds, it can be tough to get the 
Jacobs 31-20 rotor to stop with the disc brake. 
Unfortunately, with both the Jacobs 31-20 and Proven, 
the failure mode (due to a broken cable, for example) is 
no brake, and the rotor takes off. 

The wind generators with mechanical shut-down 
systems are the remanufactured Jakes, the Jacobs 31- 
20, the Proven 2500 and 6000, and the 7.5 and 10 KW 
Bergey Excels. None of the other wind generators listed 
have mechanical shut-down mechanisms. 

Dynamic braking is an electrical brake unique to 
permanent magnet alternators. If you short out the three 
phases of a permanent magnet alternator, it is 
supposed to overpower the ability of the rotor to spin the 
alternator, and the rotor will come to a stop. This can be 
done from the comfort of your home by flipping a switch 
on the control box. 

Dynamic braking works in theory, but may or may not 
work when you most need it, during a thunderstorm with 
strong winds, for example. Strong winds have been 
known to overpower a wind generator's dynamically 
braked rotor. If not caught, this is potentially 
catastrophic, since all of the wind generator's output 
must be absorbed by the tower wiring and alternator 
windings. In fact, all of the small turbines listed with 
dynamic brakes have failed in 40+ mph (18 m/s) winds 
while being tested on my or other towers. Some wind 
turbine owners report dynamic brakes not holding, or 
not able to stop the blades in wind speeds as low as 20 
mph (9 m/s). 

Tower Top Weight 

This covers everything that goes on top of the tower — 
generator, governor, rotor, tail, and yaw assembly. You'll 
notice that there is wide variation in tower top weights. 
Based on experience, I side with the school of heavy 
metal, those manufacturers that have proven that the 
longevity of equipment life is directly related to the 
beefiness of components. 

From my 22 years of experience rebuilding wind 
generators, I've come to realize that heavy duty, slow- 
speed wind generators last longer than their lightweight, 
high-speed cousins. Many people opt for the lighter duty 
wind turbines because they are invariably cheaper. They 
generally buy a heavy duty machine the second time 
around. 

Unfortunately, the trend in recent years has been to 
make everything as cheaply as possible. Performance 
and reliability of the machine, while important, were 
overshadowed by initial cost. Why? You, dear consumer. 
Weight is reflected in cost. So the goal became 



lightweight, high-speed wind gennys. As failures accrue 
in the field, some manufacturers are moving back to 
heavy metal. I welcome that. 

Lateral Thrust at the Tower Top 

This figure is important for determining tower design 
specifications and choices. Lateral thrust, a critical 
horizontal force vector, is a function of swept area of the 
rotor, the resistance the tower presents to the wind, and 
wind speed. The greater the lateral thrust, the stronger 
(and therefore, more expensive) the tower must be, and 
the larger the concrete footings and guy wires must be. 

Battery System Voltages 

Available voltages for the battery systems are listed. 
Remember that line loss is a significant consideration 
for low voltage systems. Wind generators are rarely 
sited next to the battery bank. Line loss due to wire run 
(including the height of the tower) pushes people to 
choose higher voltages. 

Controls Included 

Controller, rectifier, brake, and dump load may be 
standard equipment that is included with the wind 
generator for interfacing with a battery charging system. 
Or, if not listed, they may be options available at an 
additional cost. 

Utility Intertie 

Currently, only the Bergey Excel-S and Jacobs 31-20 
can be directly connected to the utility grid with a 
synchronous inverter, which is supplied by the 
manufacturer. Any and all of the other turbines can also 
be grid tied by using a battery bank in conjunction with a 
utility-intertie inverter, such as the Advanced Energy's 
MM series, Trace SW series, and Vanner RE series 
inverters. Conversion efficiency with these systems 
varies. Seek opinions from experienced RE dealers so 
that your expectations are realistic. 

At least three of the manufacturers are working with 
inverter manufacturers to develop batteryless grid-tied 
inverters. Watch for developments. For example, the 
Proven WT 2500 and WT 6000 are operating in Europe 
as grid-tied machines with SMA's WindyBoy inverters. 
While it is possible to use these inverters in the U.S., I 
do not know of any batteryless, utility-tied Provens 
operating here. 

Some turbines can also be used for unusual end uses 
not normally thought of. Direct-coupled water pumping 
and resistive heating are examples of this. If you have a 
particular need other than battery charging or a grid-tied 
application, contact the manufacturers or their 
distributors. 

KWH per Month at Wind Speeds of 8 to 14 Mph 

These calculations are included so that you have some 
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idea of what a wind-electric system will produce at your 
site's average wind speed. This is how you should size 
your wind-electric system. You will need to do some 
homework before these numbers are meaningful to you. 

To use this part of the table, you must know the wind 
speed at your site, based on locally available data. From 
there, you will need to extrapolate that wind speed to 
determine the wind speed at your proposed tower 
height. The procedure for determining your tower top 
wind speed is laid out in "Site Analysis for Wind 
Generators," parts 1 and 2, in HP40 and HP41, available 
on the Home Power \Neb site. 

If, for example, you are using 600 KWH per month, 
check the table to find the turbines that will do the job for 
you. If you want a wind/PV hybrid system, use your 
area's average winter wind speeds. For a grid-tied net 
metered system, the annual average wind speed will do. 

For comparisons, a very efficient home or small cabin 
uses 75 to 200 kilowatt-hours (KWH) per month. The 
average home (whatever that is) in the U.S. uses 900 
KWH per month. An all-electric home consumes from 
1,500 to 2,500 KWH per month, as might a small 
business or farm. The output estimates of the various 
wind generators are mostly the manufacturers' 
numbers, not mine. Be aware that your mileage may 
vary, sometimes considerably. Unfortunately, KWH per 
month outputs are not independently tested. 

Also note that the only true outputs are those listed for 
the utility-tied applications, the Bergey Excel-S and 
Jacobs 31-20. Efficiency losses due to the grid-tied 
inverter are built into these numbers, so the values 
listed are what you will see at your kilowatt-hour meter. 
All of the rest of the KWH per month numbers represent 
DC bus bar values — energy delivered to the battery 
bank by the wind turbine. You will still need to derate the 
outputs to 75 to 80 percent to reflect battery efficiency 
and inverter losses, just as you do with a PV system. 

Cost 

Note that these costs are only for the wind generator 
and controller or utility-tied inverter. Check under 
"Controls included" to determine what controllers or 
utility-intertie inverters are included in that price. 

While this may seem obvious, it never ceases to amaze 
me that people don't realize that a wind-electric 
system's installation costs also include such 
miscellaneous items as shipping for the wind turbine, a 
tower (of all things) and its shipping charges, maybe 
batteries and inverter, wiring and electrical components, 
backhoe and crane costs for larger turbines, concrete 
and rebar for some towers, sales tax, and labor and 
travel expenses if the job is farmed out to an installer. 



Actually, depending on the system you install, the wind 
turbine cost represents only 12 to 48 percent of the total 
installed cost of the wind-electric system. In PV 
systems, the PV panels represent the major portion of 
the cost of the generating part of the system. Wind 
generators are mounted on towers to access their fuel, 
the wind. While a 120 foot freestanding tower is only 
about half the cost of a Jacobs 31 -20 wind generator, an 
80 foot tilt-up tower can cost upwards of five times the 
price of a Whisper H40! 

Cost per Square Foot of Swept Area 

Remember that the rotor is effectively the collector for a 
wind generator. Double the collector size and you will 
likely double the output. It's actually not quite this 
simple, since we also have differences such as airfoil 
efficiencies, alternator efficiencies, tower height, and a 
myriad of other factors that impact the output of a wind 
generator. But still, as author Paul Gipe states, "Nothing 
says more about the output of a wind generator than its 
swept area. Nothing!" 

Unfortunately, like dollars per rated watt, dollars per 
swept area still rewards lightweight turbines, since it 
doesn't say anything about the quality of the swept area 
or longevity of the machine. In my experience, quality 
and longevity cost more, not less. 

Cost per Pound 

In my bias towards heavy metal, the "beasties" look 
really good on a dollars per pound basis when 
compared to the high-speed, lightweight turbines. But 
perhaps this measure says more about the weight of the 
machine and less about the cost. Robert Preus of 
Abundant Renewable Energy points out, "Just throwing 
weight at a machine doesn't necessarily make it more 
robust. However, there does seem to be a close 
correlation." 

Weight per Swept Area 

This provides an indication of machine robustness, 
which usually translates into longevity. Notice the range 
in this relationship, from less than 1 pound per square 
foot (5 kg per m 2 ) to more than 4 pounds per square 
foot (20 kg per m 2 ). I consider any machine with more 
than a 2:1 ratio as a heavyweight. I'd categorize 
machines between 1:1 and 2:1 as medium weight, and 
anything under a 1 :1 ratio as a lightweight. Substitute 
"heavy duty" for "heavyweight," and you will understand 
my bias. 

Weight per Tip Speed Ratio (TSR) 

For a really dramatic comparison, compare weight and 
rotor speed in the machines listed here. As weight 
increases, rotor speed and, therefore, TSR decreases. 
In other words, there is an inverse relationship between 
TSR and weight. The lightweight, high-speed machines 
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Rethinking Cost Comparison 

Cost per rated watt has been included in past versions of A&O, but is not 
included here. Why, you ask? It makes such an easy comparison, you 
argue. 

First of all, there are just too many other expenses involved with installing a 
quality wind-electric system to just compare one wind generator with 
another by such a simplistic number as dollars per rated watt. Tower, 
installation, wire run, and other costs are a significant percentage of the 
generating system cost. To quote Mike Klemen again, "Dollars per rated 
watt can be a very misleading way to buy a wind turbine." 

PV panels are typically sold by dollars per rated watt. That makes sense, 
since PV panels all are rated at an industry standard. They are tested at 
1,000 watts per square meter at 25 °C (77 °F). Since one panel is easily 
comparable to another, based on a set of controlled specifications, it 
makes sense to compare the cost of one panel to another on a dollars per 
rated watt basis. However, wind generators don't share any similar 
specifications, nor are the outputs tested against each other at a standard 
wind speed. 

For example, let's assume we have the two wind generators mentioned 
previously, Lots-o-Watts, which costs US$1 ,000, and Mighty-Watts, which 
costs US$500. Let's also assume that both wind generators are rated at 
1,000 watts. Since both turbines have the same rated output, it might 
appear easy to just divide the cost of the two by their power output to arrive 
at dollars per rated watt. Right? So, on the surface, Mighty-Watts appears 
to be the better deal because it only costs US$0.50 per watt compared to 
the US$1 per watt Lots-o-Watts machine. It's only half the price, you say. 

Not so fast. Remember that the Lots-o-Watts manufacturer has rated the 
wattage of their turbine at a wind speed of 16 mph, while Mighty-Watts 
rates theirs at 32 mph. What's this mean? 

Remember the power equation, P= 1 /2 d x A x V 3 . And remember that we 
can really simplify the relationship by stating that P~V 3 , that is, power is 
directly proportional to the cube of the wind speed. When we apply this to 
our wind generator comparison, we find some startling results. 

The Lots-o-Watts 1,000 watt wind genny rated at 16 mph will reach its 
1,000 watts at 16 mph. But the Mighty-Watts wind genny needs a 32 mph 
wind to reach its rated output. That means that the Mighty-Watts wind 
generator is producing only 125 watts when the Lots-o-Watts is peaking at 
its 1,000 watts. Now dividing dollars per rated watt doesn't look so good, 
does it? That's why it's not included here. 

No Single Measure 

So, if not dollars per rated watt, how do we compare one turbine against 
another? We can consider some other comparisons, like cost per swept 
area, cost per pound, weight per swept area, or weight per tip speed ratio, 
and gain some more meaningful information. 

None of these measures is very good by itself. But they all contribute to the 
big picture. Looking for one perfect measure to compare wind generator 
cost may be a fool's quest. If we could have one, it would look something 
like "dollars per KWH per month at X wind speed for X years." But that's a 
different article. 



have low numbers, while the low- 
speed, heavyweights end up with 
high numbers. The beasties with high 
numbers really stand out, don't they? 

Years in Production 

The length of time each wind 
generator model has been in 
production varies considerably. Note 
that some of these machines have 
been through numerous changes 
over their production life, while 
others have seen relatively few 
changes. 

Warranty 

All the manufacturers warrant their 
products for parts and labor (that is, 
in-house repairs at their facility) 
against defects in materials or 
workmanship. This means that you 
must return the defective part, or the 
entire wind generator, to the factory 
for evaluation and repair or 
replacement, at the discretion of the 
factory. Standard practice is that you 
will pay shipping both ways, just as 
with any other consumer good. 

Warranties do not cover improper 
installation, neglect, use of 
unauthorized components, abuse, or 
acts of god. (This is why you have 
homeowners' insurance.) The 
manufacturer's liability is for the 
defective part only, and does not 
include incidental or consequential 
damages. 

Routine Maintenance 

What needs to be done to the wind 
generator to keep it in prime 
operating condition for a long life? 
Some manufacturers recommend 
only a visual inspection as their 
annual maintenance. Several 
suggest that after you install one of 
their units, all you need to do is go 
out to the base of the tower once a 
year and look up to see if it's still 
running. That's it for another year! I'm 
a little more realistic and 
conservative than that. 

The life of a wind generator is 
directly related to the owner's 
involvement with the system and its 
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maintenance. If you don't at least periodically inspect 
your wind generator, you may be picking it up off the 
ground someday! 

What do routine maintenance and annual inspections 
entail? It doesn't mean that you will never have to 
replace parts or do some major repairs. Some blades 
will need repainting and new tape on the leading edge 
eventually. Bearings wear out and need replacing. High- 
speed, lightweight machines will need bearings more 
frequently than the beasties. Some systems, as noted, 
need annual greasing or oil changes. 

In addition, there's what I call "common sense 
maintenance." Bolts might loosen and need tightening. 
Adjustments might be needed here or there. It is 
unrealistic to expect something as complex as a wind 
generator, operating continuously in a harsh 
environment, to work flawlessly with no maintenance. If 
that's your expectation, don't buy a wind generator! 

Most of the catastrophic failures that I have seen over 
the years with various systems were due to something 
as seemingly inconsequential as a bolt loosening and 
not being attended to. The prudent wind generator 
owner should thoroughly inspect the complete system 
once a year at a minimum. Pick a nice fall day before 
winter hits or a warm spring day before thunderstorm 
season. As they say, prevention is the best cure! 
Preventive maintenance becomes more important to 
you, the owner, as your investment in the system 
increases. 

The designs for today's wind generators have been 
around for a long time. For example, the side-facing 
governing mechanism used by Bergey and Wind 
Turbine Industries was patented in 1898 and originally 
used on waterpumpers. The tilt-up style of governing 
was patented in 1931 . And the blade-activated governor 
used on the old as well as the new Jacobs was patented 
in 1949. (One new development: Proven's origami-like 
blade governing is a radically new idea in wind turbine 
design.) 

Most of the great strides in reduced maintenance have 
come, not from new designs, but from new materials. 
Things like carbon reinforced fiberglass blades, aliphatic 
resin leading edge tapes, high-tech paints, and any 
number of synthetic and metal alloys have reduced wind 
generator maintenance considerably, while improving 
reliability. 

Continuous upgrades by incorporating modern 
materials in wind-electric system components have 
helped greatly in the maintenance and reliability arena. 
The manufacturer who cuts corners by using cheap 
materials is courting trouble with customers. And 



homeowners with wind-electric systems that are never 
inspected and maintained have a time bomb on their 
hands. 

So how long do these things last? That's hard to say. A 
decade ago, I took down an old Jacobs that had seen 
60 years of nearly continuous duty. While the old Jakes 
were certainly overdesigned and overbuilt wind 
generators from an era that valued quality 
workmanship, there are others in that category. These 
are the heavyweight machines. Experience and reports 
from the field indicate that the heavies will last at least 
their 20 year design life, and then can be completely 
overhauled and given a new life. The lightweights? They 
may last half that time, or maybe only one quarter. This 
assumes, however, diligent maintenance. 

Notes 

Other than being a miscellaneous catchall, one 
explanation is necessary. Some of the Whisper wind- 
electric systems and the AWP are available with a high 
voltage/low voltage (HVLV) option. This means that the 
wind generator is wound for 240 VAC, and a step-down 
transformer is included near the controls to step the 
voltage down to the 12 to 48 VDC battery voltage. Since 
high voltage results in low current for a given level of 
power through the wire run, the HVLV option means that 
you can site your wind-electric system up to a mile away 
from the battery bank, something unheard of with low 
voltage DC generation. 

Odds & Ends 

Power curves for the wind generators, while included in 
the past, have not been included in this version of A&O. 
Unless you really appreciate the value of V 3 in the 
power equation, power curves tend to be meaningless 
to most consumers. Unfortunately, the only ones who 
could decipher them were the tech-weenies. If you need 
a power curve for any reason, check the manufacturer's 
Web site or product literature. 

Home-sized wind generators are not manufactured on 
an assembly line like other consumer products. Instead, 
they are made in batches ranging from a handful to a 
few dozen at a time. As a customer, you need to be a 
little understanding about the lead time for the machine 
you order. In all likelihood, your wind generator will not 
be instantly available unless you happen to find a dealer 
who has the particular machine you want in stock, a 
rare occasion. Lead times can vary from three weeks to 
as long as eight weeks — or eight months. 

A few customers (myself included) have had rather bad 
experiences with unusually long lead times, not only 
with new machine orders, but with parts and repairs as 
well. But the manufacturers are pretty good on the 
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whole. They really are concerned about satisfying their 
customers. After all, without you, they're out of 
business. 

My Choice? 

"So, Mick, what do you recommend?" is the most 
frequently asked question that I get. The answer — it all 
depends on your situation. I can honestly say that, 
properly specified and installed, any one of these 
machines will do a fine job of producing electricity for 
you for many years, in the right location. 

Notice the qualifiers. If you install a light duty machine 
where the winds are severe, even for part of the year, 
you are asking for trouble. If you install a light duty 
machine on a short tower where turbulence will be an 
issue, you are asking for trouble. If you install a machine 
with lots of moving parts, knowing full well that you have 
no intention of climbing the tower to do maintenance 
and repairs, you are asking for trouble. If you never do 
routine maintenance on your car or house, what makes 
you think you'll do it on your wind generator? 

All of these wind generators have their own 
personalities and idiosyncrasies, just like the cars we 
drive. And, just like the cars we drive, they come in a 
variety of shapes and prices. Finally, just like the cars 
we choose, they all will get us from point A to point B. 

However, not all cars, nor all wind generators, are 
created equal. As the saying goes, "You get what you 
pay for." Quality always comes at a price. To quote long- 
time wind energy user and HP editor Ian Woofenden, 
"Remember, what you want is value. I put high value on 
low maintenance, long-term performance. You do not 
want to buy bragging rights to the highest peak output at 
the lowest price. Instead you want the most energy put 
into your battery or the grid for as many years as 
possible. That doesn't come cheap." 

What do I fly at home? An old 1946 Jake with original 
bearings does its magic on an 80 foot (24 m) tower, 37 
feet (1 1 m) from our home, backfeeding to the grid. And 
as soon as I'm done testing some new-to-the-market 
turbines, the 84 foot (26 m) tilt-up tower behind the shop 
will see the return of the AWP 3.6. Both are heavy metal 
and slow speed, and I can't hear them without seeing 
them — my idea of what a wind generator should be. 
After that, my next genny will possibly be a Proven WT 
6000 or Bergey Excel-S. 

With the exception of a hydro plant in a raging flood, a 
wind generator probably lives in the most extreme 
environment that nature has to offer. Where I live in 
northeast Wisconsin, temperatures range from 100°F 
(38°C) in the summer to -30°F (-34 °C) in the winter. 
Frequent howling winds bring with them dust and 



insects that sandblast barns over time. The turbulence 
associated with thunderstorms tries to wrench my 
turbines off their towers all summer long. We have very 
high humidity in the summer, and then it's desert dry in 
the winter. 

Winds here are commonly in the 25+ mph (11+ m/s) 
category, but can sometimes get fierce. At least a half 
dozen times a year, we get 60+ mph (27+ m/s) winds. 
Rain, snow, sleet, and hail. ..you know the rest. All of 
nature's forces work continuously towards entropy, 
reducing the wind generator to its lowest elements. It's a 
really tough world out there! 

My preference is definitely towards the "beasties," the 
slow-speed, heavy metal brutes that seem to be able to 
take most all that nature can throw at them. These 
include the AWP 3.6, the remanufactured Jakes, the 
Provens, the Bergey Excel, and the Jacobs 31-20. 

The dollars per pound and weight per TSR are the 
categories that I look at. I've learned over the years that 
the cheapest turbine or least expensive dollars per rated 
watt may be nice for the pocketbook, upfront, but not in 
the long run. In my experience, inexpensive turbines do 
not last long. Period. If you are looking for stopgap 
electricity for a few years, buy cheap. 

If price is an issue, light duty machines may be an 
acceptable option in moderate wind locations. 
According to Home Power tech editor Joe Schwartz, 
"Swept area aside, Whispers hold up OK in most of the 
installs I've done in moderate wind sites. The failures I 
see are typically maintenance related — loose bolts." 

But if you're going through the effort of installing a wind 
generator on a quality tower and are in wind for the long 
haul, buy heavy duty. Heavy duty translates into 
reliability, pure and simple, regardless of engineered 
design life, designed maximum wind speed, or the 
highly touted dollars-per-rated-watt comparison favored 
by some manufacturers. 

What about the rest of the turbines? Well the jury is still 
out on some of them, like the Bergey XL.1 . 1 have serial 
number 00001 . 1 have only had that machine for a year, 
and have flown it for less than that. While the XL.1 looks 
like a robust machine, I'd like more data points than just 
my own. 

Others, like the Whispers, are definitely light to medium 
duty wind turbines. Feedback from the field indicates 
that they do not do well in gusty sites, sites with a lot of 
turbulence, or sites that experience seasonally or 
consistently high winds, like more than 25 mph (1 1 m/s). 
But if you really have a medium duty wind site, you may 
get by with a medium duty wind turbine. 
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Your Choice? 

I've given you some tools to help you make an educated 
choice. Seek out other wind power users and gain from 
their experiences, both positive and negative. By all 
means, discuss owner satisfaction with your wind 
generator dealer. But realize that, just like the 
manufacturers, dealers are trying to make a living by 
selling a product. Does that mean they're out to deceive 
you? No. Just make sure that you digest the field 
reports, opinions, facts, and figures, and assess your 
needs and pocketbook, so that you choose the best 
wind generator for your site, system, and situation. 
Access 

Mick Sagrillo fiddles with wind generators for Sagrillo 
Power & Light, E3971 Bluebird Rd., Forestville, Wl 
54213 • Phone/Fax: 920-837-7523 • msagrillo@itol.com 

Abundant Renewable Energy, 22700 NE Mountain Top 
Rd., Newberg, OR 97132 • 503-538-8292 
Fax: 503-538-8782 • rwpreus@yahoo.com • AWP 3.6 
importer, and remanufactures the long case and short 
case Jakes. 

African Windpower, PO Box 4533, Harare, Zimbabwe 
+ 263 4 771 581 • Fax: + 263 4 771 580 
awpower@mweb.co.zw • www.power.co.zw/windpower 
AWP 3.6 manufacturer 

Bergey Windpower Company, 2001 Priestly Ave., 
Norman, OK 73069 • 405-364-4212 



Fax: 405-364-2078 • sales@bergey.com 
www.bergey.com • Bergey Excel-S, Excel-R, and XL.1 
manufacturer 

Lake Michigan Wind and Sun, 1015 County Rd. U, 
Sturgeon Bay, Wl 54235 • 920-743-0456 
Fax: 920-0466 • info@windandsun.com 
www.windandsun.com • Proven turbine distributor 

Proven Engineering Products, Ltd, Moorfield, 
Kilmarnock, KA2 OBA, Scotland, UK 
+44 (0)1 563 543 020 • Fax +44 (0)1 563 539 1 1 9 
info@provenenergy.com • www.provenenergy.com 
Proven turbine manufacturer 

Solar Wind Works, PO Box 251 1 , Truckee, CA 961 60 
877-682-4503 or • 530-582-4503 • Fax: 530-582-4603 
chris@solarwindworks.com • www.solarwindworks.com 
Proven turbine distributor 

Southwest Windpower, 2131 N. First St., Flagstaff, AZ 

86004 • 866-807-9463 or 928-779-9463 

Fax: 928-779-1485 • info@windenergy.com 

www.windenergy.com 

Whisper H40, H80, and 175 manufacturer 

Wind Turbine Industries, Corp., 16801 Industrial Circle 
SE, Prior Lake, MN 55372 • 952-447-6064 
Fax: 952-447-6050 • www.windturbine.net 
Jacobs 31-20 manufacturer 




Visit Our New Web Site! 

Same Great Info, Lots of New Features 

www.homepowet.com 

As always, download our current issue for FREE! 
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Reliable • Quiet • Rugged • Elegant 

Wind Turbines 

As seen in HP 90, pg 50 
Dealer Inquiries Welcome 

Solar Wind Works, USA Distributor 

Toll Free! 1-877-682-4503 
PO Box 2511, Truckee, CA 96160 
proven@solarwindworks.com • www.solarwindworks.com 

Proven Engineering Products Ltd, International 
www.provenenergy.com - Tel +44 (0)1563 543 020 
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^HAWKER 



$3200.00 




New VRLA sealed batteries. Hawker PowerSafe VM. 
24 Volt, 1500 AH, AGM separators and optimized 
recombination technology. Four 6v modules. 
No stand or ventilation necessary. 20 year life 
expectancy. Intercell connectors included. 
For specs and technical information, go to: 
www.maxamphours.com For general information 
and shipping rates, call: 207-667-6688. Or e-mail: 
sales@maxamphours.com 

Crow International, Inc. 

PO Box 1048 / Washington Junction Rd., Ellsworth, ME 04605 
Voice 207-667-6688 • Fax 207-667-6481 

email: sales@maxamphours.com • web: www.maxamphours.com 



Plans or Kits Available 


■j 






Convergence Technologies, Inc 
1 9 Tioga Lane 
Pleasantville, NY 10570 
914-773-6749 
support@econvergence.net 

www.econvergence.net 
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For an earth restored and a world at peace. Solar, Wind, Hydro 
Independent Electric Power for the Remote Home where utility power is not available. 



When you speak with Backwoods Solar, your questions are 
personally answered by people using the products everyday 

Our catalog / planning guide teaches the basics of installing 
solar electric residential power. We can refer you to skilled 
installers in most states. Our mountaintop business, shop, and 
home have been powered by equipment from our catalog for 
25 years. Utility lines are still 2 miles away. We are a family 
business living with our products. 

177 PAGE CATALOG / PLANNING GUIDE 

FREE to Home Power readers 

Phone (208) 263-4290 FAX only (888) 263-4290 
Website www.backwoodssolar.com 
Email info@backwoodssolar.com 

Visit us or write: 

Backwoods Solar Electric Systems 
1395-HP Rolling Thunder Ridge 
Sandpoint, Idaho 83864 USA 




Solar water pumps for every purpose 

Don't throw energy down the drain with an inefficient water pump. Dankoff Solar 
DC pumps use 1/3 to 1/2 the energy of conventional AC pumps run by inverter. 



Vertical lift 
to 960 Ft. (290 m) 
Pressurizing 
to 100 PS I (7 bar) 
Flows to 75 GPM 
(285 Ipm) 



Flowlight® Booster Pump 
SunCentric™ Centrifugal 
Solar Force™ Piston 
Solar Slowpump 




ii 



ETAPUMP 



and more 



Depths to 650 Ft. (200 m) 
Flows to 50 GPM (200 Ipm) 



Also a wholesale distributor of power system components 



Call for a dealer referral 
Toil-Free (888) 396-6611 

(505) 473-3800 
www.dan koffsolar.com 



6611 \fDankoff] 
► \SotOfJ 

■.com i 




$ Best Web Prices $ 



By the people who count, our customers. 



Online Convenience -system Design 

. -Huge Inventory 

In Person Service -Experienced ^ 
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TRUE SINE WAVE POWER INVERTERS AND RELATED PRODUC TS 

- POWER LEVELS FROM 125 WATTS TO 60KW 
OUTPUT VOLTAGES OF 100,120,210 
INPUT VOLTAGE OF 12 JO 10ft 
20+ YEARS MTBF 
EXPANDABLE 
MODULAR 
REMOTE CAPABIF 
"HOT" 5WAPAMT 





iJECH 



® 

XP1100 



7317 jfiti Nilwiilt Bhtl fhlorlii Fart Worth, TtixdS 7ft 1 18-7 JW viiicc. ti 1 7-5 $5-496*) text 81 7-595- 12 90 
toil ir*p: e+mait: infn@vxeItKh.irQm website: www,vx?Jtpch,CQm 
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^ng tor more 



S-530 

530 AH (100 hour rate) 

12 V4 (L) X 7 Vs (W) X 16 3 /4 (H) 

124 lbs (wet), 96 lbs (dry) 



Now Shipping 

THE NEW S-S30 



• 530 AH (1 00 hour rate), 
400 AH (20 hour rate) 

• Same physical dimensions 
as our S-460 

• 1,300 plus cycles at 50% DOD 

• Available wet or dry charged 

• 7 year warranty 



80048 1 4914 



I9002; 

Surrette Battery 
Company, Ltd. 




Battery Engineering 



Home Power #90 • August / September 2002 




Saturday August 17th at the Fdirplcx in 
Pomona. Hie Expo starts at 9:adAM and 
ends at 5:00 PM f Please call 688-647-6527 
for additional ififomifltt&n. Or visits 
H btp :// www. Socalenefigy^KpD.cam 



Discover what's new at the 

2002 Southern California 
Renewable Energy Expo 

The Grcutuat RcrufwuLHu Energy 1 Shuw CMFl Eiirth ! 
Saturday, August 17 at the Fair pie* In PQ^na a to $ PM 

Jh& 2002 e^po will of course feature the latest advances m 
Solar, Wihtt Hydro and FUefCeib, bul chdl'i only Che 
beginning J This ye^i w£ r ce ex-fit^ hp he-abfetq r^unri out 
the show by adding all oFthe faNrjvtfng exhibits 



Hybrfd ALnflmcibllr^ 
5ol*r Cookiog 

Alternative fiulfdlng Materials 
Energy EPfkiency 

EkMLtnc CiUl 

STraw Bale Canssnjcllon 
Glodlesel 

Organic Gardening 
Becoming a Solar Dealer 



nrctn Building 
JfllarV^aw dumping 
Solar Water Heating 
Gray Water Systems 
Solar Education 
Blomass 

Holistic Medicine 

Net Metering 

And So Much More! 



Attfinnan alternative energy dealen>, distributor^ and rriflrtuTactijner^ There is still a llmn-ed nu^Der or 
exhibitor spaces a^ai&ble. Pieastcall l-6fl&-ft47-&527 EkI.IDZ to book a space. 



Hoiied by SDlaErnn Ifechrmlogies Inc. 




Siemens, Kyocera, Photowatt, 
& BP Solarex: Photovoltaic Modules 





TP L£ 

Solutions 
for all your 
power problems 

Trojan, U.S. Battery, Rolls, & Lifeline: 

Industrial deep 
cycle stationary 
batteries, 
sealed, 
lead-acid 



Southwest 
Windpower: 

Wind generators 




Trace, Heart, & Statpower: 

Inverters 



Dealers wanted for 
North & South America 



Kubota & Honda: 

Generators, 5 kw to 550 kw, 
diesel & gasoline 

5 1 I N.E. 1 5th Street, Miami, FL 33 1 32 



Tel: (305) 536-99 1 7 • Fax: (305) 37 1 -2353 • www.sunelec.com 
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Brian Underwood 

©2002 Brian Underwood 



■ ial Vs fountain helps with peace 




of mind, especially since 



lt 's solar powered. 



Brian s 




^( f have a small fountain. 
~ J ) It is powered by the 
sun. I enjoy summer 
days sitting next to it reading 
Shakespeare. That is why I 
named my photovoltaic 
array Horatio, after Hamlet's 
tried and true friend. 



The system uses the Nomad 300 sold 
by Solarsense.com. I purchased it for 
my family's forty-acre dream property 
in Colorado's Huerfano River Valley. 
The Uni-Solar 21 watt PV panel and 
Statpower 300 watt inverter, with an 
18 amp-hour battery power pack, is 
perfect to meet the needs for our 
weekends down on the rancho. 
Lighting, a radio, and some battery 
powered hand tools are our only 
loads. 
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In between our trips to our place in the valley, I started 
using the power pack to run my fountain at home. I used 
to lay the panel on the ground or prop it against a tree. 
This didn't get it the best sun, so I built a hand-tracking 
PV rack from some extra fencing material. The 4 foot 
(1.2 m) high, single panel rack has two axes, which 
allows me to track the sun as it moves from east to 
west. With this device, I can also get the best tilt angle 
throughout the day and seasons. It is light enough to 
move it into sunny areas as the yard becomes shaded. 

I have a regular rhythm of carrying charged power 
packs into the house for different loads, and carrying 
discharged ones out to the array for recharging. By 
keeping an eye on the weather, I know what kind of sun 
to expect for the coming days. On cloudy days, the array 
bears a little more hand-tracking. Even on an overcast 
day, I can get some recharging by following the slightly 
brighter spot of sun across the gray sky. 

Volt Garden 

I am using my power packs and panel as a kind of 
electricity garden. I carry my power pack to Horatio 
every morning. I clean the panel, connect the battery, 
and begin to hand-track the sun. I hold a dowel 
perpendicular to the face of the panel. I then move the 
panel until the shadow of the dowel is at a minimum. I 
tend my volt garden throughout the day, making 
adjustments every hour or so. In the late afternoon, I 
move it across the yard to get the last of the day's sun. 

On days when I am not home, I face the panel towards 
true south and tilt it at the best angle for the particular 
time of year. In this fixed position, the PV collects 
approximately 5.5 peak sun hours each day. A 
protractor and a directional compass are attached to the 
panel to help me find the best orientation for my panel. 

I am using the power pack to operate loads such as my 
fountain, a living room light, or a black and white 
television I use to watch the 10 o'clock news. I collect 
enough energy each day to use these loads. But I don't 
have enough battery storage to power these loads for 
more than a single day. 

During dark, dreary days, or on days that I can't tend my 
volt garden, I don't get a good recharge. Then I don't 
have the pleasure of my fountain or the television, and I 
have to use the grid for the living room light. 

I purchased a Vector 400 watt inverter and a separate 
battery pack on sale at Target. With a little rewiring, I 
created a power pack not too different from the Nomad 
300. I added an IPC charge controller to the system 
because my new power pack did not have a charge 
controller like the Nomad does. This charge controller 



Portable Solar 




also allows me to charge another set of 12 volt 
batteries, which I use for a reading lamp made from 
some recycled wood and a 12 volt auto light. 

At a Sam's Club store, I found the small Vector 50 watt 
inverter/battery power pack. I use it for my black and 
white TV. This lightweight battery system, for powering 
small loads, came in a nylon pack made for carrying on 
a belt. The case was bright blue and green, which my 
wife didn't like. I ignored manufacturer warnings and 
took it apart. I put the battery and inverter into a wooden 
box. My wife likes this a lot better on the dresser next to 
the TV. It matches the bedroom set. 

I have a teenage son who continually needs small 
batteries for one electronic device or another. I found 
two Supersolar chargers and rechargeable batteries at 
Real Goods. With some scrap plywood and paint, I built 
a small hand-tracker. I call it Ophelia. This 1 watt device 
will charge AA and C batteries in about seven hours. 
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Portable Solar 




My son tends this array by using my dowel method, and 
turning the panel until the dowel's shadow disappears. 
This ensures that it is facing the sun. I have been told 
that it is an attractive and useful piece of yard art. My 
son uses the AA batteries in a CD player and a hand- 
held video game. 

Amp-Hour Cultivation 

I have a free supply of used 7 amp-hour batteries. 
These batteries have been used in a standby power 
system, so they are in various states of ability to take 
and deliver a charge. I bought another Vector 350 watt 
inverter, and I use it with my new and used batteries to 
power various tools on my workbench. It's very effective 
for recharging battery-powered hand tools. I am able to 
get energy out of these used batteries, but they do die. I 
always find a recycling center for proper disposal. 

At this point, my storage capacity exceeded my 
generation capability. The batteries did not reach a full 
state of charge on a regular basis. A 43 watt Solarex 
Millennia PV panel solved this problem. My original plan 




was to build a portable array like Horatio, but I found that 
the panel is too heavy to be easily carried around the 
yard. 

I mounted the panel, called Hamlet, onto a pole, which 
fits into a foot-long piece of PVC pipe, buried vertically 
in the ground. This pole socket allows two-axis hand- 
tracking. A weatherproof container protects my batteries 
and power packs from Colorado's climatic changes. I 
can now keep all my batteries charging or in use at all 
times. 

I purchased a 55 amp-hour Guardian AMG battery from 
Batteries Plus so I can fully use my new panel. I also 
returned to Real Goods for a Porta-A-Wattz 600 watt 
inverter and a Morningstar SunGuard charge controller. 
With these components, wiring from an RV dealership, 
and a voltmeter from Radio Shack, I put together 
another power pack. I use it to power my study, which 
includes a CFL lamp, a 14 inch (36 cm) TV/VCR, and a 
word processor. I also can use it to run larger loads, 
such as our 27 inch (69 cm) television. If my higher 
math skills are sufficient, I believe I'll even be able to run 
the refrigerator for a short time. 

How Much Electricity Do I Have & Use? 

What can I operate with my power packs and for how 
long? When I sit down to do this math, I round down to 
cover battery and inverter losses. I figure that I have 64 
watts of PV generation, and I can get 492 watt-hours 
per day from my panels. This is based on the 7.7 hours 
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Underwood Systems Costs 



Item 


Cost (US$) 


Nomad 300 system (21 W PV panel, battery, inverter) 


$300 


Solarex Millennia MST-43LV PV panel, 43 W 


200 


Statpower Port-A-Wattz 600 W inverter 


111 


Vector 400 W inverter with 18 AH power pack 


88 


Guardian 55 AH battery 


86 


2 Supersolar chargers, 4 AA & 2 C batteries 


80 


ICP charge controller 


33 


Misc. wiring & hardware 


30 


Vector 50 W inverter power pack 


29 


Morningstar charge controller 


29 


Vector 350 W inverter 


29 


Total 


$1,015 



I use my 18 amp-hour power packs 
for lighting and entertainment. I can 
either keep the living room light on 
from after dinner until bedtime or 
watch a video on my TV/VCR, 
without discharging the batteries to 
the point where low battery voltage 
shuts the inverter down. My 
workshop loads are powered by 
using my 350 watt inverter with two, 
7 amp-hour batteries. I can recharge 
the 7.2 volt battery-powered hand 
tools and use them for several hours 
of honey-do jobs around the house 
and yard. 



of sun a double-axis tracked panel can receive in my 
region of Colorado. But I take a more conservative 
approach and round this down to 350 watt-hours. 

Adding up my batteries, I have about 1 1 1 amp-hours of 
storage. Multiplying that by 12 volts, I come up with 
1 ,332 watt-hours of stored energy. I round this down to a 
kilowatt-hour. So on average, I can use a little more than 
0.3 KWH per day, and still be able to replace that energy 
the next day. Or I can use all my storage up, and take 
three days to replace it. 

I use my power packs daily. I have come up with some 
theories on how to best use my system, hoping to get 
the most out of it. I divided up the areas of use, and 
judge the amount of energy I use by the average run 
time each power pack will give me. 



While I could run a lot more with my 
power pack, these loads are the 
ones I operate the most. I try to use 
as much as I can every day. If I really work at it, I can 
use a kilowatt-hour a week. Before I started generating 
my own electricity, we averaged about 10 kilowatt-hours 
a day of grid usage. With the use of the power packs, 
CFLs, energy-wise products, and sun-dried laundry, we 
have reduced our usage to 8 kilowatt-hours. I figure that 
I am replacing about 3.75 percent of my demand with 
solar electricity. 

A New Solar World 

It has been very exciting, building my own little power 
station. I gained much practical experience that I will 
use as I continue to develop my system. I've been 
pleased that I have found many of my system 
components locally — batteries, wiring, and inverters. I 
hope that PV panels will soon become a common 
product in hardware outlets. 




Power Pack RunTimes 



Item 


Appliance 


Run Time (hrs.) 


18 A power packs 


15 WCF light 


7 




Fountain 


8 




Hand-held vacuum 


1 


Workshop with 
350 W inverter & 
two, 7 AH batteries 


Battery charger, 
drill, saw, etc. 


24 


Corded drill 


2 




Shop radio 


2 




Scroll saw 


1 




Soldering iron 


1 1 /2 


50 W inverter with 
4 AH battery 


TV, B&W 


1 /4 


600 W inverter with 


15 WCF light 


20 


55 AH battery 


Word processor 


10 




TV/VCR 


4 
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I have a little Web site that I hope will promote interest in 
solar energy. With the challenges that America faces 
today, I feel that the best thing I can do is help make 
myself and my country energy independent. In my own 
studies of photovoltaics, I have found that there are as 
many ways of creating and using solar energy as there 
are different people involved with solar energy. It all 
makes me think of a quote from Shakespeare's The 
Tempest: 

O wonder! How many goodly creatures are there here! 
How beauteous mankind is! O brave new world, 
That has such people in't. 

Access 

Brian Underwood • bauwood@juno.com 
www.sundogsolar.hothomepages.com 

Solar Sense, 321 Shoemaker St., Kitchener, ON, 
Canada N2E 3B3 • 877-797-6527 or 519-725-2244 
Fax: 519-725-8907 • info@solarsense.com 
www.solarsense.com 

Gaiam Real Goods, 13771 S. Hwy. 101, Hopland, CA 
95449 • 800-919-2400 • Fax: 303-222-8702 
techs@realgoods.com • www.realgoods.com 
Supersolar chargers, Solarex PV module 

Vector Manufacturing, Ltd., 3003 Greene St., 
Hollywood, FL 33020 • lcressy@vectormfg.com 
www.vectormfg.com 

ICP Global Technologies, 6995 Jeanne-Mance, 
Montreal, QE, Canada H3N 1 W5 • 888-427-7652 or 
514-270-5770 • Fax: 514-270-3677 
customers@icpglobal.com • www.icpglobal.com 

Batteries Plus, 925 Walnut Ridge Dr., Hartland, Wl 
53028 • 800-677-8278 262-369-0690 
Fax: 262-369-0680 • pgurzynski@batteriesplus.com 
www.batteriesplus.com • Guardian battery 

Radio Shack, 100 Throckmorton St., Fort Worth, TX 
761 02 • 800-843-7422 or 81 7-41 5-301 1 
Fax: 817-415-3240 • support@tandy.com 
www.radioshack.com • Voltmeter 



CHEAPESTSOLAR 



ETAPUMP® 




HIGH EFFICIENCY SOLAR PUMPS 



& most efficient pump on the market 

E' brushless motor technology 

E' maintenance free 

H' 4-year system warranty 

U Wrings 
every 
possible drop 
of water 
out of 



every 
ray of sunshine" 




Call for a dealer referral 



Toll-Free (888) 396-6611 
(505) 473-3800 
www. dankoff solar, com 



bp solar 

Distributor 
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Power Systems 



"Keep your eye on our friends at 
OutBack. Their new FX2000 Inverter 
looks like it'll do everything we've 
ever wanted an inverter to do, plus 
a few tricks we haven't even 
thought of yet... 

...Personally, I think it's going to 
be a whole new step up, and most 
of us will never look back." 

Doug Pratt 
Technical Editor 
Gaiam Real Goods 



For more information ask your dealer / distributor 
or visit us on the web at www.outbackpower.com 



THE NEXT GENERATION OF POWER™ 




Four OutBack FX2000 utility interactive inverter / chargers 
8 kW total continuous output power at both 120 & 240 VAC 
100 amp 120/240 VAC fast automatic AC transfer switch 
Shown with PSAC, PSDC and MX60 MPPT charge controllers 



OutBack POWer Systems, Inc. 19009 62nd Ave NE Arlington, WA TEL 360-435-6030 -- FAX 360-435-6019 



SolarSense 1500 

Portable Scririr GcncrdCor 



No Tools Needed 

S year wjmaraty cm best qmJIty 
connwwif ffwrjfft rommlli^ 

Fpwcr wrrh up to 
240 watt* of PV 

paneli JVjJab+e 

System with 

■ -. I -» i | : 1 1 i i . ■ ; 





V^awn -Is 

wuvldkriJIriH K?u-:cii. 1 14 nh^^I PV f 



.mm 



1 . S 7 7 . 797.652 7 Inform o lar s* fise.com 

wwWiSoiArseiise.com 



Our Vision 



Custome 
Service 




We don't lose sight 
of our dealers' needs. 
That's why we offer the 
SunWize Advantage. 

Technical Support 
Large Product Inventory 

• Distribution Centers in NY and CA 

• Courteous Customer Service 

• Prompt Shipping 

Call 800-232-7652 and 
join the SunWize team 
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GotSolar.com 




Everything you need under 
the Sun! 




0*^ 

Free Shipping 

■ « f-'i. ■ ' , II M . I.M ' . . 



GotSolaf.com brings 
you the BEST equipment 
at the BEST pricel 

5tt?p by our web store 
www. Gotsolor. com 
Ematf: Sa^s^Hotsol^f com 
Pnarw TWf Free 




We've reduced 
our energy use 
everj -further! 



Need a High Efficiency Refrigerator 
for a Harsh Climate? 

P.O. Box 1 1 01 , Areata, CA 9551 8-1 1 01 
Phone: 707-822-9095 • Fax: 707-822-6213 • www.sunfrost.com 



IF YOU USE ENERt 
YOU SHOW n rf h 



i rm nTTTki !iirrn 



wable Energ 
Roundup, the Southwest's lar 
sustainability fair in downtown 
Fredericksburg, Texas. 

Speakers, Exhibits, Demonstrations, Food, 
Workshops, Tours, Kid's Activities, Music 



s 

v 

or 

Te) 



EPTEMBER 20-22, 200 



1C 

2 



SOLAR • WATER USE & REUSE 
RAINWATER HARVESTING 
ORGANIC GROWING • WIND 
GREEN & SUSTAINABLE BUILDING 
ENERGY CONSERVATION 
ALTERNATIVE TRANSPORTATION 
STRAWBALE CONSTRUCTION 



organized by: 

Texas Renewable Energy Industries Association 
and the Texas Solar Energy Society — — , 
Contact: Kathryn Houser E^L^TI 
Roundup@txses.org !■ 
P.O. Box 9507, Austin, TX 78766-9507 lEjl 




866-SUN FAIR 

WWW.RenewableEnergyRoundup.com 

photo by Juan Carrasco at Austin Energy 
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Quality Solar Energy Products 



THINK THERMAL- 
THINK SUNEARTH 




The Empire Series Liquid Flat Plate Collector 

www.sunearthinc.com 

SunEarth, Inc. 

4315 Santa Ana Street, Ontario, California 91761 
(909) 605-5610, FAX (909) 605-5613 
Distributor inquiries welcome. 





Planetary Systems, Inc. 




Jhm "POWER PACKAGE" m 
A ntw {onctpt in f*Pi*w«frl« 
mnmr&Y wfstmmm and control f rem 
Ftanvtinr 5vit«mf P lite, 


S"j*1i«^inhl« 
EwdDoni hDf 
1 Llvinrjan 

Sr 




"XAHIREX 
CERT1F1EO 
DEALER" 


TOWEr? FAC HUGE" haaiuT« 
Iurc|inih loirl mhrif. at .anaciiiim | ■ ■ i ■ ■ * i> ini|i iiiin 

- "uUp Id vpv'ili itfuh Mi HMUl ■■ *J :>hu¥H 

- 1 Mnrtt*ta ™#fp it*t) 


FUPCrWfl* 


-CiHiivilala Pvnvwibli trwrnv lyilim □ ■■pqii 
Enn|f tiThllNC M#ILMKMi 1 lhtftllli)-| 

Bh4|A 1 4fnMillM ■! lUgmi h^vnk 
hri-acing ivilim A. con 1 r-a Eb 

PhDn**DS-fiflZ-fi6ifi 4!h5-&flJ-»M 

P. 0. Bex HO 2&I EtajQef And 
Ennn, Wonrjcia USA M7H 





You can't always rely 
on the grid 



LAZ. 

BATTERY ENGINEERING 

1 - 8 0-68 1 



Vbu havo In veslsd in an illem bi ive 
KiiBrrm ipn n isrsi ring siistKni Make khik 
your bniterv It HOT wwiwealwi link! 
IntiM OBNonn ftliiertctf* liesi cliscp csri:lft 
Uoiitcrv- 




Dual- container cflftsirncHDit - £lim in ji us 1 e ohs 
jlrn'j cufrtlil. uud decrease ifibllkltiidrtGD 

i/ DEiEiiiniuiSRii r'd uiing - 1 in mm don o warn 
material in t&e indnain - 3300 efflts L«n Dam 

l/ MUiJulsr ru-lb^trLidlhcHl - A«bflr btCUJlJXhH 

1/ Hvwigo Itlf Rtueclnnevis lt> yenrs ■ warrnnteil 
toMB tears 




air.Ni nml^-ry f nij :n^-nn nij L1rd. £ FrncYnr SI- , Til Dtiu fifl, ^|prn, fAIL D*0tO E mjilr ^ihlp ■ :. rnl^h ahr.-r .- .vim w^ui.rrilhhn-H-rry.Gfirri 
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HOME POWER 
on CD-ROM 



Original Magazine Layouts & More 

Color • Indexed • Searchable • Exportable • Printable 

(r) 

Adobe Acrobat PDF format (reader included) 

Issues #83 (June '01) through #88 (May '02) 

Over 5,000 pages of renewable energy information: spreadsheets for load 
analysis, wire sizing, and the Energy Master for system design; classic basic 
articles from the HP archives; 30 years of solar insolation data & wind data for 
900 sites in the U.S.; manuals and spec sheets of popular RE equipment; the 
current InBiz database; and a searchable index. Bonus video clips in QuickTime 
video format 



SunWorld, the official magazine of the International Solar Energy Society says, 
"Together these CDs offer the largest collection of useful and practical information 
on achieving energy independence ever available." 




Shipping: $S in US 

(Canada $3; International $4) 




Special Deal: All seven CDs for $150 

(Shipping: $8 USA, $9 Canada, $1 2 International] 



two CD set:, same price 
Issues #77 (June '00) through #82 (May '01) 

Over 6,000 pages of renewable energy information: spreadsheets, and the Energy 
Master for system design; classic basic articles from the HP archives; solar 
insolation & wind data; manuals and spec sheets; energy related government 
publications; the In Biz database; and a searchable index. 

Energy Pathways video CD 

The basics of renewable energy, and energy use. All in 37 minutes of digital 
QuickTime video format. 



Issues #71 (June '99) through #76 (May '00) 

Over 1,400 pages of Home Power; guerrilla solar video clip; 5 hours of audio lecture (MREF '99) on 
batteries, inverters, ram pumps, RE system Q&A, and solar cooking; spreadsheets for load 
analysis, wire sizing, and system design; 30 years of solar insolation data; and the In Biz database. 

I Issues #61 (Oct. '97) through #70 (May '99) 

Over 1,200 pages of Home Power; 3 hours of audio lecture (MREF '98) on batteries, inverters, and 
RE system Q&A; video clips from the "RE with the Experts" series; spreadsheets for load analysis, 
wire sizing, and system design; and the In Biz database. 

: Issues #43 (Oct. '94) through #60 (Sept. '97) 

Over 2,000 pages of Home Power; 2 hours of audio lecture on batteries and inverters (MREF '97), 
spreadsheets for load analysis, wire sizing, and system design; an interactive tour of Home Power 
(Funky Mountain Institute); and the In Biz database. 



Issues #1 (Nov. '87) through #42 (Sept. '94) 

Contains the original magazine layouts (text & graphics), over 3,900 pages of Home Power. 



Call 800-707-6585 



Home Power, PO Box 520, Ashland, OR 97520 
541-512-0201 • fax 541-512-0343 • www.homepower.com 





Home Power's 

Business 

"The man who on his trade relies, Must either bust or advertise." 

Sir Thomas Lipton — 1870 




Display Advertising 

Advertising Rates per Consecutive Insertion 





Single 
Insertion 


Three 
Insertions 


Six 
Insertions 


Ad Area 
sq. in. 


Full Page 


$1,500 


$1 ,350 


$1 ,275 


64.1 


Half Page 


$840 


$756 


$714 


32.1 


Third Page 


$600 


$540 


$510 


21.4 


Quarter Page 


$471 


$424 


$401 


16.0 


Sixth Page 


$334 


$300 


$284 


10.7 


Eighth Page 


$268 


$241 


$227 


8.0 


Twelfth Page 


$188 


$169 


$159 


5.3 



Four process color (CMYK) in any sized 
advertisement is a flat rate of $185 per insertion. 
For inserts, and current subscriber/circulation 
demographics, please call us. 

Home Power is published bi-monthly. The ad 
deadline for the Oct. / Nov. 2002 issue (HP91) is 
August 1 , 2002. Call 541 -51 2-0201 for further details. 



International Home Power Subscriptions 

Due to the high cost of international mailing, we 
charge more for Home Power international 
subscriptions. 

1 Year (6 issues) International Rates: 

All payments in U.S. currency ONLY! 

Canada: Air — $43 Surface — $30 

Mexico: Air — $46 Surface — $30 

Western Hemisphere: Air — $48 Surface — $30 

Europe: Air — $64 Surface — $30 

Asia and Africa: Air — $77 Surface — $30 

Pacific Rim: Air — $77 Surface — $30 

Surface shipment may take up to three months. All 
international issues are shipped in mailing 
envelopes. International subs are best paid for by 
either VISA, MasterCard, American Express, 
Discover, or funds from a U.S. bank. 



International orders: 



Call: 541 -51 2-0201 
Fax:541-512-0343 



First Class Home Power Subscription 

Get 6 issues of Home Power magazine via First 
Class U.S. Domestic Mail for $43. All First Class 
issues are shipped in an envelope. We start your 
subscription immediately with the current issue. 



Publishers Periodical Home Power Subscription 

Get 6 issues of Home Power v\a Publishers Periodical 
U.S. Domestic Mail for $22.50. Publishers Periodical 
will be forwarded for one issue (two months), so let us 
know immediately if you move! Please allow up to ten 
weeks for your first copy to arrive. 



Back Issues of Home Power Magazine 

Back issues through #20 are $6.25 each while they 
last. Back issues of #21-45 are $7.75 each. Back 
issues #46-84 are $8.75 each. Back issues #85 to 
present are $9.95 each. (Sorry, no more issues 
#1-12, 14, 15, 35, 36, 38, 40,41,59-67, 79, & 
81-83.) Back issues are shipped First Class mail to 
U.S., Air to International. See the listing under Ad 
Index on the last page for details and current Home 
Power back issue specials. 

Issues #1-42, 43-60, 61-70, 71-76, 77-82, & 83-88 
are on CD-ROMs for $29 each (Shipping: $2 in US; 
Canada $3; International $4). 



MicroAds 

MicroAd rates are 25$ per character. Characters 
include numbers, spaces, and punctuation. $20 
minimum per insertion (includes both print and web). 
Send a check with your ad. We do not bill MicroAds. 



Home Power Magazine for Resale 

Quantities of Home Power magazine are available 
for resale by distributors, newsstands, bookstores, 
energy businesses, and others. Please call, email, or 
write for rates and shipment specifics. 



" ACCESS: Home Power, PO Box 520, Ashland, OR 97520 USA 
□ Subscriptions and Back Issues: 800-707-6585 or 541-512-0201 

Advertising: 541-512-0201 • Editorial: hp@homepower.com • www.homepower.com 
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GUERRILLA SOLAR: 
The unauthorized 
placement of 
renewable energy 
on a utility grid. 

PROFILE: 0021 

DATE: June 2002 
LOCATION: Spain 
INSTALLER NAME: T-Sol/ACYCSA 
OWNER NAME: Fundacio Terra 
INTERTIED UTILITY: Fecsa-Endesa 
SYSTEM SIZE: 2,200 watts of PV 
PERCENT OF ANNUAL LOAD: 50% 
TIME IN SERVICE: 3-1/2 years 



v 



t 




The headquarters of the Fundacio Terra (Terra Foundation, www.ecoterra.org) 
is situated in the heart of the old town of Barcelona, Spain. It is an NGO working on 
environmental activism. We co-organize the worldwide annual meeting "Encuentro Solar, " in 
Benicarlo, on the Mediterranean coast. Fundacio Terra also distributes a parabolic solar barbecue 
for gardens and terraces. This promotes solar cooking as a strategy to reduce carbon dioxide 
emissions, and to stop global desertification in nonindustrial countries. 

The office of the foundation is situated in the top of an old building in Barcelona, where it is 
supposed that Picasso painted the famous picture "Les Demoiselles d' Avignon." The building was 
retrofitted for energy efficiency, using recycled materials. It was one of the first ecological 
building renovations done in Spain, and it incorporates a solar-electric array of 2.2 KW peak 
(KWp) on the terrace. This is connected to the main utility supply, to offset the energy use of 
the office. 

The PV array was inaugurated by the mayor of Barcelona on January 25, 1999. This was just when 
the law on binding purchase of solar energy came into force in Spain, with a price of 35 cents 
per KWH. But when Fundacio Terra tried to legalize our installation, it was impossible because 
the legislation held private energy suppliers to the same administrative conditions as a nuclear 
power station. There are strict technical rules, and fiscal treatment is the same as for large 
energy producing companies. Due to this inequality, the foundation is contesting this law in the 
courts of Barcelona, and is waiting for a resolution. 

As a measure of pressure, Fundacio Terra is still feeding the solar energy to the local utility 
grid. Since January 25, 1999, we have been producing and giving all the solar-electric production 
to the electricity supply of the city. On May 5, 2002, our array surpassed 7.5 MWH of production, 
with an overall savings of 2.1 metric tonnes of carbon dioxide . 

At this moment, only a few solar-electric producers with less than 5 KWp are connected to the 
line who have accepted the burdensome conditions of the law. Fundacio Terra continues with its 
solitary battle against the administration so that the production of solar energy will be as easy 
as making coffee in a coffee machine. The solar power plant of Fundacio Terra will continue to be 
plugged into the sun as a solar guerrilla fighter. 



4 



Guerrilla Solar Defined 



Energy is freely and democratically provided by Nature. This century's 
monopolization of energy by utilities both public and private threatens 
the health of our environment. Solar guerrillas believe that clean 
renewable energy should be welcomed by utilities. But utilities and 
governments continue to put up unreasonable barriers to 
interconnection, pushing common citizens to solar civil disobedience. 



Guerrilla systems do not endanger utility line workers (see HP71, 
page 58). They share clean, renewable energy with others on the 
utility grid, and reduce the need for polluting generation plants. 
When interconnection for small-scale renewables becomes fair, 
simple, and easily accessible to all, there will be no more need for 
guerrilla action. 
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Install by Night — Power bq Doy 

On Black: $15, or Camo: $18 

Shipping: $5 USA, $8 Canada, $10 International 
Call, see our web site, or send check or money order 
800-707-6585 (541-512-0201 Outside USA) 
www.homepower.com 
Home Power, PO Box 520, Ashland, OR 97520 



SINCE 1995 



POWER COMPANY 

1 7113 West! KornlE Lane 
Ausiin. Ie\ss 78756 

Phone; Si 2-4^-^4 
'lull Ftw: K>MflM»-iV4 
Fax: 51I-45I-SM4 
www.fiiDljiriJomTcompatn^'.r^nii 
Em ill: wlatr 'a iinrimp.nel 

Di&iriliuior / Dealer 
Design * Sales • JiiNtallaiinn 

Siancl Aloiw * GNeHie * Hybrid * Wind 
Water Pumping * LigJniiJS^ 
Recreorioitn] Vehicle Systems 
and C(«h|»riim*« 

Free Available 

Mffting th* Energy 1 Weeds of (he World 





and come to the 

©tUlGfeflm) 




An Educational Festival 
Hosted By The Rocky 
Mountain Sustainable 
Living Association 

\p/orjc/o 



%mMmMm Fair 

Sunday, September 8, 



O 



Home Power 
Magazine 

KCX5T 

" - • 



Oam - 6pm at the Lincoln Center 
located do Fort Collins, Colon 

ree Admission 

• Kid's Zone Activity Area 

• Food & Beer Gardens 

• Spectacular Silent Auction 



• Live Entertainment 
All Day Powered By 
Alternative Energy 

• Exciting Guest Speakers: 
Ed Begly - Hollywood Actor 
& Board Member of Hydrogen Now 
Rick Grice - Colorado Governors 
Office ( OEMC ) 

Ann Edey - Solviva - Sustainable 
Solar-Dynamic Bio-Benign Design 

Bullhorn UMP % SL, 

Solar Access.com Parent Magazine Natural Home Magazine 



P)VILLAGE EARTH.. 



inkcis 






hydrogen 
solar 
wind 
recycling 
biodiesel 
composting 
organic farming 
renewable energy 
strawbale construction 
alterna 



For more information 
call: 970.377.1392 

www.sustainablelivingfair.org 



Ktl 
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Troubleshoot Your Solar System 
in Less Than 5 Minutes... 



• The meter 
will display 
one of 
10 error 
messages 
if a fault is 
detected. 




That is one smart controller! 

Contact your local solar distributor or 
Morningstar for complete product information. 

AMORNINGSTAR 

^^^r IT A corporation 

1098 Washington Crossing Rd., Washington Crossing, PA 18977 USA 
Phone: 215-321-4457 • Fax: 215-321-4458 • info@morningstarcorp.com 
www.morningstarcorp.com 



Magazine 



Your Guide 
to Self-Reliant Living 

Take control of your own life. Thousands of people have 
gone BackHome to enjoy less complicated, more rewarding 
lives . . . and you can join them. In each bimonthly issue, 
find articles on topics such as: Alternative Home-Building 
Techniques, Organic Gardening, Selecting a Home 
Business, Living Mortgage Free, 
and much, much more! 





Subscribe to BACKHOME 
for just $21.97 per year. 
Call us at 800-992-2546, 
write to us at P.O. Box 70hp, 
Hendersonville, NC 28793 
or visit our Web site 



www.BackH0meMaga2ine.com 



VVc're £>Lnilding the IzLnerujy pathway e at th 



and Lkk to 
team about 
Renewable 



September 23 29, 2002 
lQom-5pm Deity 




Green Budding 
Hydrogen Economy 
Solar HolWaler 
Solar Model Cars 
Wind Energy Systems 
Construction Recycling 



Solar Energy 
Residential Wind Energy 
Fuel Cells 
Alternative Financing 
Solar Radian! Floor Healing 
AliematvQ Vehicles 
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esive Solar Design Primer 



Ken Olson & Joe Schwartz 



A modern passive solar home can compete with the Jones' for style, 
and make them envious of its energy and fiscal efficiency. 



) 2002 Ken Olson & Joe Schwartz 

Photo courtesy of 
www.sunplans.com 



^ R ome dwellers in the United 

I — I States spent US$1 38 billion on 
U (J energy for their residences in the 
year 2000. As an average home 
dweller, your share of that energy pie 
was US$1 ,300. Heating and cooling 
typically account for more than 40 
percent of the energy consumed in a 
given home, or US$520 worth each 
year. The good news is that passive 
solar design can offset the majority of 
the energy (and money!) you spend 
heating and cooling your home. 

Passive solar design has come a long way from the 
tilted windows, water walls, and roof ponds of the 1970s. 
Today's passive solar house has more in common with 
conventional residential structures than not. Modern 
designs create living spaces that are bright, attractive, 
comfortable, and inexpensive to heat and cool. 

Passive solar construction may add less than 5 percent 
to the cost of building a new home. Any additional cost 
typically yields a 15 to 20 percent tax-free return on 
investment through energy savings. Most homes built 



today will likely still be occupied 50 to 100 years from 
now. Good design results in huge energy and resource 
savings over the life of the building. So why isn't 
everyone incorporating passive solar design into new 
construction? Why isn't it required by local building 
codes? Good questions! 

A passive solar energy system is designed to collect, 
store, and distribute solar energy without the aid of 
mechanical or electrical devices. There you go — a 
definition suitable for any glossary. But passive solar 
design isn't about a definition. It's about a better life — 
any way you measure it. Passive solar design uses 
sunlight to create energy efficient living and work 
spaces that are a pleasure to be in, and minimizes the 
use of fossil fuels and associated pollution. To top it all 
off, the principles of passive solar design are easy to 
grasp and implement in new construction. 

Design Basics 

Passive solar design is based on the following five 
principles that optimize the use of solar energy for 
heating and cooling your living space: 

• Building orientation towards true south (in the 
northern hemisphere) 

• Properly placed, energy efficient windows 

• Calculated roof overhangs 

• Thermal mass for energy storage 

• Thermal efficiency and insulation 
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A Passive Solar Floor Plan 



EQUINOX 
FIRST FLOOR 



Passive solar design uses south- 
facing windows to bring the sun's 
energy into your home. Thermal 
mass, such as a tiled, concrete floor, 
stores the heat and minimizes 
temperature fluctuations inside the 
building. Ample insulation conserves 
energy for both heating and cooling. 
That's the concept — plain and simple. 

In the winter, when the sun's path is 
lower in the sky, calculated roof 
overhangs let the sun shine directly 
into the building and warm the slab. 
The happy coincidence is that the 
sun's path is higher overhead in the 
summer, and these same overhangs 
shade the windows then, keeping the 
sun out and your home nice and cool. 

Passive solar heating and cooling 
designs are easy and inexpensive to 
incorporate into new buildings, but 
can be difficult to retrofit into existing 
structures. This is because many 
passive solar design elements and materials are 
integral to the home. This article focuses on new home 
design and construction. 

Face the Sun — Building Orientation 

Step one in passive solar design is to simply orient the 
building toward the sun. This is a "no added cost" 
element of passive solar design. Orientation toward true 
south (magnetic south adjusted for declination) or true 
north if you live in the southern hemisphere, allows your 
home to capture as much solar energy as possible. 
Elongating the building's east-west dimension allows 
direct solar energy to reach more of the building interior 
compared to a structure that has a deeper north-south 
dimension. 

Fortunately, we have some room to play with 
orientation. A building orientation 20 degrees east or 
west of true south will only lose about 6 percent of the 
solar gain possible. This minor design penalty gives you 
some room to accommodate other factors, like the view, 
into the design of your home. For comparison, 
orientations 25 degrees off true south will lose about 10 
percent — a more significant loss, but still worthwhile if 
that is the best you can do with your site. 

Since you're reading Home Power, you may be planning 
to install solar-electric or thermal panels on the roof of 
your new home. If this is the case (and we hope it is!) 
the closer to true south you can orient your house, the 
more energy these systems will produce, and the more 
cost effective they will be. 



Image courtesy of 
www.sunplans.com 
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304 S.F. COVERED PORCHES sun plans, copyright c 2002 debra rucker coleman, architect 



Room layout is important too. Open floor plans 
passively distribute both warm and cool air throughout 
the building. Living spaces like kitchens, living rooms, 
and dining rooms are best located along the south, 
east, and west sides of the house. Place bedrooms, 
bathrooms, storage closets, laundry rooms, hallways, 
and other less used spaces along the north. The west 
side of the house is a prime location for a covered 
porch. The porch roof will shade any windows on this 
side of the house, keeping out unwanted afternoon sun. 
It will also double as an excellent place to sit and watch 
the sunset. 

Passive solar design creates open, well-lit, and 
temperate indoor environments that are comfortable to 
be in. And it's interesting to note that these same open 
floor plans are now commonly used in conventional 
home designs. Passive solar homes fit right in with 
today's architectural styles. 

Windows — Location, Location, Location 

Windows are the solar collectors of a passive solar 
building. But windows also have low insulative values, 
compared to well-insulated walls. In a typical American 
home, 25 percent of the energy used to heat and cool 
the house goes — you guessed it — right out the window. 
Even energy efficient windows are responsible for the 
majority of heat loss from a well-sealed building 
envelope. Because of this, passive solar design 
optimizes the amount of south-facing windows to collect 
solar energy, and minimizes the use of nonsouth- 
oriented windows to limit heat loss. Window placement 
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is another "no additional cost" principle of passive solar 
design. The materials are the same as the ones used in 
conventional, energy efficient construction. 

South-facing windows provide the greatest amount of 
solar heat over the course of the day. Southeast or 
limited east-facing windows allow for a quick heat-up, 
and provide a pleasant light in which to sip coffee or tea 
during the "up and at 'em" process. 

West and southwest-facing windows should be kept to a 
minimum. They tend to cause overheating since they 
allow low-angle sunlight to enter the house in the 
afternoon when the house is already up to temperature. 
North-facing windows should be kept to the minimum 
needed for light and ventilation. They're the hands-down 
energy loser of the four compass directions. 

In the 1970s, many passive solar designs specified 
south-facing windows that were tilted to the latitude of 
the building site. Solar collectors (PVs, thermal panels, 
or windows in this case) capture the greatest amount of 
energy when oriented perpendicular to the sun. 
Nowadays, tilted glass surfaces are not recommended 
for living spaces because they make it more difficult to 
control direct solar gain with the changing seasons. 

It's much easier to control seasonal shading on a 
vertical wall. Properly calculated roof overhangs are built 
once and don't have to be operated on a daily basis, like 
window shades. It's a hands-off approach. So keep your 
windows vertical and let the building do the work! 

A conventional house has its windows evenly distributed 
in each of the four compass directions. South-facing 
windows typically have an area equal to approximately 3 
percent of the total floor area of the house. In a passive 
solar house, south-facing window area is increased to a 
range of 7 to 12 percent of the floor area depending on 
the amount of thermal mass that's integrated into the 
design. Higher percentages than this will likely result in 
overheating during the day and adds cost to the wall's 
structural design and construction. Too much glass also 
results in greater heat loss at night. 

Remember, compared to well-insulated walls, even 
windows with high insulative values are pretty much "big 
holes in the wall" when it comes to thermal efficiency. In 
fact, the most common mistake made in passive solar 
home designs is too much glass. High temperature 
swings and high heating and cooling bills characterize 
these designs. It's a real life example of a case where 
"more is not better." 

High Performance Windows 

High performance, energy efficient windows also make 
a big difference. An ideal window maximizes solar heat 
gain in winter and minimizes solar heat gain in summer. 



Low-E Double-Pane Glazing 




Exterior 



Summer: 

Heat is reflected 
back outside, 
helping to keep 
the house cool 



Interior 



Winter: 

Heat is reflected 

back inside, 
helping to keep 
the house warm 



Low-E Coating: On inside of 
outer pane; transmits visible light 
but reflects long wavelength 
(infrared) radiation 



Gap: Argon or krypton gas in space 
between glass panes acts as insulation 

Frame: Tight and well insulated, 
prevents air infiltration 



The window may also need to maximize or minimize 
light transmittance, depending on its use. The good 
news is that super smart windows are available in the 
builder's market these days. And compared to standard, 
double-pane windows, high performance windows only 
add a small percentage to the total cost of an average- 
sized home. 

Modern window designs demonstrate an understanding 
of the dynamics of conduction, convection, and radiation 
well enough to be nearly ten times more efficient than 
single-pane windows. The rate of heat loss of a given 
window is referred to as its U-value (BTUs per hour per 
square foot per degree Fahrenheit). For heating 
purposes, the lower the U-value, the better. In northern 
climates, select windows with U-values of 0.35 or below. 
Some triple-pane windows have U-values as low as 
0.15. In southern climates, select windows with U- 
values 0.60 or less. For comparison, single-pane 
windows with clear glass have a U-value of about 1.0 
depending on the frame material. 

Early versions of modern window technology were 
referred to as transparent insulation, and so they are. 
Low emittance glass surfaces, often referred to as "low- 
E," optimize the effects of radiation. Low-E is part of a 
family of spectrally selective surfaces. This means that 
they are highly transparent in the visible region of the 
light spectrum, yet they are nearly opaque to the longer 
wave, infrared end of the electromagnetic spectrum. We 



Home Power #90 • August / September 2002 



Passive Solar 



Sun Path Chart for 40° North Latitude 




West 

75° 90° 



105° 120° 



Azimuth Angle 

To use this chart for southern latitudes, reverse horizontal axis (east/west & AM/PM) 



can't see the infrared, but we can feel it. Warm interior 
surfaces of your house emit low temperature, infrared 
radiation toward every colder surface they see. Low-E 
glass functions like a mirror to reflect infrared radiation 
back into the house rather than allowing it to escape. 

Air spaces between panes of glass reduce summer 
heat gain as well as winter heat loss. Multiple layers of 
glass create air spaces that act as insulation. To 
effectively eliminate the convective air flow within an air 
space, manufacturers use heavy gases, such as argon 
or krypton. The result is a window that keeps your home 
cooler in the summer and warmer in the winter. 
Insulated frames and thermal breaks also minimize 
conductive heat loss and gain through a window unit. 
Tight seals on operable windows minimize air 
infiltration. 

The Solar Window & Calculated Roof 
Overhangs 

In passive solar design, as well as other 
solar thermal technologies, the amount of 
shading you receive during the day 
results in a corresponding reduction of 
heating. Midday sun is more intense 
than early morning or late afternoon 
sun. So that is your most valuable 
resource if you are heating, and your 
enemy if you are cooling. 

The concept of a "solar window" 
identifies the available hours of sun in a 
location, and any areas or times of day that 
your home will be shaded. Because it travels 
through less of the earth's atmosphere, midday 



sun is more intense than early morning or late afternoon 
sun. Direct solar gain between 9 AM and 3 PM is your 
most valuable resource if you are heating, and your 
enemy if you are cooling. The bottom side of the solar 
window is defined by the sun's path on December 21st 
(in the northern hemisphere). The left and right sides of 
the solar window are defined by 9 AM and 3 PM in each 
month of the year. The top of the solar window is 
defined by the sun's path on the longest day of the 
year— June 21st. 

Solar Window 




Mar. & Sept. 
21 



December 21 
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Example Roof Overhang for 40° North Latitude 




SOUTH 



An effective passive solar home design makes use of 
the same concept. The notable difference is that, 
depending on the climate in which you live, you may 
need to adjust the top side of the solar window 
downward to block the sun from striking your windows in 
the months when heating is unwanted, and cooling is 
the name of the game. In passive solar design, shading 
windows in summer, late spring, and early fall is taken 
care of by building appropriately sized roof overhangs. 

The optimum size of the roof overhang varies with 
latitude and window height. A simple approach for 
calculating roof overhangs is to make a scale drawing of 
the cross-section of the house (looking east or west), 
that details the south window height dimension relative 
to the floor. By adding the noon sun angle at various 
times of the year, the width of the overhang can be 
easily determined. 

Information on sun angles at different latitudes is 
provided in the classic, but long out-of-print Passive 
Solar Energy Book, by Ed Mazria. For those of you with 
Web access, the folks at Sustainable By Design in 
Seattle, Washington, have a great Web site with 
calculators for sun angles, sun position, window 
overhang design, and window heat gain. Check them 
out at: www.susdesign.com. 

Other helpful resources include two building design 
software packages that take all aspects of heat gain and 
heat loss into account. Guidelines for Home Building is 
a great book that comes with a software program called 



Builder Guide. The book and 
software package present clear 
concepts and guidelines suitable for 
owner builders at a cost of US$100. 
Building design professionals will be 
interested in a publication and 
software package entitled, Design- 
ing Low-Energy Buildings with 
ENERGY- 10 at US$250. (See 
Access.) 

Thermal Mass 

Thermal mass is a general term for 
any material that can absorb large 
amounts heat. Mass within a building 
acts as a thermal flywheel. It 
stabilizes indoor temperatures. Heat 
it up — it stays warm; cool it off — it 
stays cool. The degree to which a 
building can be solar heated 
depends upon its ability to store heat 
for times when there is no sun. Its 
mass slowly absorbs heat like a 
sponge soaks up water, and then 
releases the heat slowly for winter warmth. The same 
mass, shaded from the sun, will help keep your home 
cool during the summer months. The slab will help keep 
the building cooler if you have a ventilation strategy that 
cools the slab down overnight. 

Although every building already has a minimal amount 
of thermal mass in its structure, drywall, and 
furnishings, its ability to store excess heat delivered 
through south-facing windows is limited. If you want to 
achieve a higher percentage of heat from the sun, you 
will have to add substantially more thermal mass. 
Concrete, brick, tile, adobe, and other masonry 
materials are the most common choices for thermal 
mass in a building. 

Thermal Mass Floor 

Pavers: Tile, etc., optional 



Thermal Mass: 2-8 inches of concrete, stone, adobe, etc. 



Insulation: 2 inches closed cell foam 
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How Does Heat Move? 



Heat always moves from hot to cold. 
Conduction, convection, radiation, 
and evaporation are the four ways 
heat is gained and lost. The end product of 
any design will be the combined effect of 
these four phenomena. 

Conduction 

Conduction is the transfer of thermal energy between 
objects in direct contact. If you hold a metal poker in a 
fire, the heat will pass from the hot end (in the fire) to 
the cold end (in your hand). The molecules of the metal 
are in contact with each other and pass heat, always 
from hot to cold, by virtue of conduction. 

Metals are excellent conductors of heat energy 
because their molecules are so close. Other materials 
such as wood or plastics are poor conductors because 
their molecules have spaces between them. Poor 
conductors are good insulators. 

Conduction in a building's structure occurs through 
walls, windows, roof, floor, etc. If we want to minimize 
the rate of heat transfer from one side of the wall to the 
other, we use materials that are good insulators. 
Insulative properties are rated with what is called an R- 
value. R stands for resistance. The greater the R-value, 
the better the insulation. 

Convection 

Convection is energy transfer between any surface and 
a fluid medium, such as moving air or water. The 
movement of air or water across the surface of a solid 
accelerates the transfer of heat— once again always 
from hot to cold. 

A cold wind will accelerate heat loss because the cold 
air removes heat from the outside surfaces of your 
home. A more subtle example occurs within your 
home, particularly at the surface of windows, which 
become cold because of their low, conductive 
R-value. 

Put your hand near the glass on a cold day and you will 
feel a cold draft as the indoor air in contact with the 
cold glass surface becomes cooler. As the air cools, it 
becomes more dense and it sinks. This descending 
draft pulls warm air from near the ceiling toward the 
window, where it cools at the surface of the window 
and feeds the draft. If you live in a hot climate, you will 
experience the very same phenomenon, except that 
everything will work in reverse. 



Radiation 

Radiation is energy transported by electromagnetic 
waves. Unlike conduction and convection, radiation 
requires neither contact nor the presence of moving air 
or water. Its only requirement is that surfaces 
exchanging heat can "see" each other. Once again, the 
warmer surfaces always radiate to the cooler surfaces. 
The heating comfort you receive from a fire is 100 
percent radiant. Conversely, you don't have to be a 
rocket scientist to search for shade on a hot, sunny day 
in Tucson, Arizona. Shade immediately eliminates the 
radiant heat coming directly from the sun. 

Radiation is how the sun's energy is delivered to us 
every day. At night, the earth's surface is warmer than 
the deep sky temperature, particularly in arid climates 
with clear skies, and the radiation serves to cool all 
surfaces that see the sky. In fact, these surfaces can 
become colder than the ambient air temperature under 
clear night skies. 

In building design, you may want to maximize or 
minimize the radiant effect, depending upon the climate 
and the application. Rooftop surfaces in Phoenix, 
Miami, or Houston are better off being highly reflective 
or light in color. Sunbathed floors, walls, and roofs in 
cooler climates are better off in darker earth tones. 

Evaporation 

Relative humidity and air movement contribute to 
comfort, or discomfort. Everyone who lives in a hot 
climate knows that a fan keeps the comfort level 
bearable on a hot, humid day. A fan is forced 
convection that passes air over the surface of your skin 
to help remove heat and moisture. As moisture 
evaporates from liquid to vapor, it absorbs heat from 
your body. It is easier to keep cool in hot, dry climates 
than it is in hot, humid climates, because the 
evaporative effect is so much stronger when the air is 
dry. Evaporative coolers are popular in hot, dry 
climates, and dehumidifiers are popular in humid 
climates. 

Conversely, maintaining a higher level of relative 
humidity indoors is wise in a cold climate. As cold, dry 
air infiltrates your home in winter and your heating 
system increases the temperature, the relative humidity 
of the air drops. Relative humidity is a measure of how 
much moisture is contained in the air relative to how 
much the air can hold when saturated. The lower the 
relative humidity of the air, the easier it is to evaporate 
moisture from your skin. This is why humidifiers are 
popular in cold winter climates. 
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Common Mistakes 

• Trying to heat too large or inefficient spaces. 
Passive solar works better in smaller buildings, 
such as residences, and where the building 
envelope design controls the energy demand. 

• Overheating as a result of excessive glazing. In 
hot climates, buildings having large glass areas 
with direct solar gain may overheat. 

• Failing to minimize southwest and west-facing 
windows, and not sizing shading devices 
properly. 

• Providing inadequate quantities of thermal mass 
for the amount of direct gain glazing. In passive 
solar heated buildings with high solar 
contributions, it can be difficult to provide 
adequate quantities of effective thermal mass. 

• Having too much sun glare. Room and furniture 
layout needs to be planned to avoid glare from 
the sun on equipment, such as computers and 
televisions. 



Passive Solar 



Thermal mass can be incorporated into ceilings and 
walls, but the most cost effective location for thermal 
mass in a residential structure is a floor that receives 
direct sun. Mass that is not illuminated by the sun 
absorbs heat mostly by convection from the warm air in 
the space, and provides much less benefit in terms of 
heating. 

A slab thickness of 2 inches (5 cm) is sufficient to 
absorb and release heat on a daily basis. Some passive 
solar designers are after a rapid response or quick 
warm-up of the slab on a daily basis. Thin, 2 to 3 inch 
(5-7.6 cm) slabs lend themselves to this. Compared to 
thicker slabs, they are less expensive, and can be 
poured over wood-framed floor systems, designed to 
handle the added weight of the concrete. 

But additional mass provides heat storage that can last 
through several days of cloudy weather. A 6 to 8 inch 
(15-20 cm) slab is optimal in most applications, 
providing it receives direct solar gain over the majority of 
its surface during the heating season. The increased 
mass of a thicker slab raises the average minimum 
room temperature, compared to a thinner slab. It also 
lowers the average maximum room temperature. This 
limits daytime overheating and reduces the need for 
nighttime cooling. Thicker slabs also help keep the 
building cool during the summer. Slabs thicker than 8 
inches provide little additional benefit in most 
applications. 

Two inches (5 cm) of high density, closed cell, rigid foam 
should be laid under the slab and around the perimeter. 
This approach thermally isolates the slab from outdoor 
and ground temperature swings. 

The color of thermal mass is another important aspect 
of passive solar design. When exposed to sunlight, 
earth tones and dark-colored objects absorb heat more 
easily than light-colored objects. Extremely dark 
surfaces, however, may become too hot for bare feet. 
Also, carpets covering the mass floor should be kept to 
a minimum. A small throw rug here or there is not a 
problem. But covering the floor with carpet will insulate 
the slab and radically decrease its ability to absorb and 
release heat. 

Thermal Efficiency — A Mantra 

Just as energy efficiency is the most important step for 
solar-electric systems, it should not be any surprise that 
energy efficiency is also vital to any successful passive 
solar building project. This mantra is to be repeated over 
and over — the less energy you consume or waste, the 
less you need to produce. Remember that efficiency is 
the only energy resource that is 100 percent efficient, 
and it is almost always the most economical investment. 
Thermal efficiency has three main applications in 



passive solar design: windows (discussed earlier), 
insulation, and a tight building envelope. 

The most cost effective investment you can make to 
improve the thermal efficiency of your home is 
insulation. It not only helps keep your house warm in the 
winter; it helps keep it cool in the summer. And when it 
comes to insulation, more is almost always better. 
General insulation guidelines for efficient passive solar 
homes are R-30 walls and R-60 roofs in temperate 
climates, and R-40 walls and R-80 roofs in extremely 
cold or hot climates. 

Air leakage causes the single greatest loss of energy in 
most homes. You want to minimize air leakage in the 
building envelope that surrounds your indoor space. 
Caulk the trim around windows and doors on the inside 
and outside, install and adjust the weatherstripping 
around the operable surfaces of doors and windows, 
use expanding foam to seal all the penetrations the 
plumbers and electricians made, and use sill seal 
between the wall's bottom plate and the foundation. As 
you build, make sure you take care of those air leaks all 
the way through the construction process. It will never 
be easier or more effective. 

Note that airtight building envelopes can be a potential 
hazard to your health. Fresh air — free of dust, spores, 
bacteria, and any chemicals that may off-gas from 
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paints, petroleum-based carpets, and furniture 
upholstery — is important to human well-being. 

Mechanical ventilation may be desirable or even 
necessary to ensure adequate indoor air quality. 
Ventilation systems bring fresh air into living spaces and 
exhaust it from bathrooms, kitchens, and laundry rooms 
where moisture and less desirable air are more 
concentrated. Super-insulated homes can also use an 
air-to-air heat exchanger to retrieve the heat content of 
exhaust air. 

Other Design Considerations 

In addition to cutting your energy costs for heating and 
cooling, passive solar home design may integrate 
daylighting and passive ventilation. Daylighting design 
uses natural sunlight to supplement and minimize the 
use of electric lights during the day. When designing 
your home, pay attention to window location in relation 
to where light is needed — a window over the kitchen 
sink, a desk, your favorite reading chair, and in the 
bathroom can be helpful. Properly positioned skylights 
or light tubes can be a great source of daylighting as 
well. Light-colored walls help to distribute light 
throughout the house. 

Passive ventilation optimizes natural air flow by 
convection and can be used to distribute warm, cool, or 
fresh air throughout the house. Doors and operable 
windows and skylights can provide the majority of air 
transfer in a passive solar house with a tight building 
envelope. Windows located on opposite walls will create 
cross-ventilation and maximize air movement. 

During warm months, the common practice of shutting 
windows and doors during the daytime keeps unwanted 
heat out. In the evening, opening the windows and 
doors brings in cool, nighttime air that helps cool the 
thermal mass. In the morning, the windows and doors 
are shut again and the chilled out mass helps to keep 
the building cool during the day. 

In a home with a tight building envelope, it's amazing 
how few windows or doors need to be opened to create 
a whole house draft that cools the house overnight. 
Open floor plans help this process, as well. This draft 
effect can be increased by the inclusion of skylights or 
second stories with an open stairway between floors. 
Hot air rises. So opening a first floor window and a 
second floor window or skylight creates a chimney 
effect that pushes and pulls the warm air out of the 
building. 

Reaping the Harvest 

By now you have grasped the fundamental concepts of 
passive solar design for heating and cooling. The five 
principles are: building orientation towards true south, 



properly placed energy efficient windows, calculated 
roof overhangs, thermal energy storage, and thermal 
efficiency. Future issues of Home Power magazine will 
detail some successful passive designs, and delve 
deeper into the concepts introduced in this article. 

Conventional home building is responsible for a large 
percentage of our culture's energy excesses. But it has 
been undergoing a quiet revolution. Not everywhere or 
fast enough of course — but you can claim another 
victory for the revolution just by letting the sun into your 
home. Thanks to the passive solar pioneers of the 
1960s, 70s and '80s, the mistakes have already been 
made for us, and the successful strategies have been 
refined. The guidelines presented in this article were 
generated over the course of several decades of bold 
front yard experiments, common sense technology, 
passionate professionalism, and lessons learned and 
freely shared. Considering that a building built today will 
last 50 to 100 years, you can be sure that your 
investment in passive solar will continue to pay off well 
beyond your mortgage — and your lifetime. 

Access 

Ken Olson, SoL Energy, PO Box 217, Carbondale, CO 
81623 • Phone/Fax: 720-489-3798 
info@SoLenergy.org • www.solenergy.org 

Joe Schwartz, Home Power, PO Box 520, Ashland, OR 
97520 • 541-512-0201 •joe.schwartz@homepower.com 

Christopher Gronbeck, Sustainable By Design, 3631 
Bagley Ave. N, Seattle, WA 98103 • 206-925-9290 
Fax: 877-684-0797 or 605-253-1466 
christopher@susdesign.com • susdesign.com 
Design tools and consulting 

Guidelines for Home Building and Designing Low- 
Energy Buildings With ENERGY-10, book and software 
packages, US$100 and US$250 respectively, available 
from Sustainable Buildings Industry Council (SBIC), 
1331 H St. NW, Ste. 1000, Washington, DC 20005 
202-628-7400 • Fax: 202-393-5043 
SBIC@SBICouncil.org • www.sbicouncil.org 
"Build Better Buildings" PDF available at: 
www.sbicouncil.org/resource/4aBldBet.pdf 

Solar Today magazine and Affordable Passive Solar 
Homes: Low-Cost, Compact Designs, by Richard L 
Crowther, SciTech Publishing Co., 1984, US$20 
(members US$15), ISBN 0-916653-00-5 and Sun- 
Earth: Sustainable Design by Richard Crowther, 
reprinted 1994 from 1983 classic edition, US$17.95 
(members US$16), available from American Solar 
Energy Society (ASES), 2400 Central Ave., Suite G-1 , 
Boulder, CO 80301 • 303-443-3130 
Fax: 303-443-3212 • info@ases.org • www.ases.org 
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Energetic Design, Debra Rucker Coleman, Architect, 
18250 Tanner Rd., Citronelle, AL 36522 
334-866-2574 • sunplans@earthlink.net 
www.sunplans.com • Passive solar house plans 

Alliance to Save Energy, Kate Offringa, EWC Program 
Manager, 1200 18th Street N.W., Suite 900, 
Washington, D.C. 20036 • 202-530-2245 
Fax: 202-331-9588 • ewc@ase.org 
www.efficientwindows.org • Energy efficient window info 



ThermOil 50 Years In The Making 

Thermoil® is a unique and patented inexpensive battery additive that when added to 
your new or existing battery will increase battery life, increase shelf life, eliminate 
corrosion, greatly reduces water consumption, explosion, toxic fumes and will help to 
keep your battery working under any condition from -50 Q to 400 Q Fahrenheit and is 
Guaranteed 100%. 

This product is a must for all new or used non-sealed lead acid batteries. Used 
major industrial and commercial fleets for years (only available in 5 gallon 
containers and 55 gallon drums) Thermoil is now available to the general 
public in a 12 oz bottle and it is 100% Guaranteed. For more information 
and test results including a solar system test visit us on the 
web at www.thermoilbatteries.com 
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ThermOil Inc 

4510 W. Pine St, Appleton, Wl 54914 
1-800-221-5351 or 920-749-9712 

Distributor & Dealer inquires welcome 



NOMAD 300X 

Portable 
Solar Power 



For the 
Convenience 
of electricity. 

Everywhere. 





18777976527 info@solarsense.com 
www .soiarse nse.cn m/N OM A D300x 




Successful Sclar 
Businesses— 2003 



: 



A three-day seminar in Ashland, Oregon, taught by Richard Perez of Home Power, 
Bob-0 Schultze of Electron Connection, and Bob Maynard of Energy Outfitters on how 
to start and operate a successful renewable energy business. 



Installing dealers will receive specific strategies on how to 
build their existing businesses. Would-be entrepreneurs will 
get a jump-start from the "lessons learned" by those who 
have "been there and done that." Gain instant contacts with 
major solar energy manufacturers and distributors right at 
the workshop! 

Topics include: how to start a small business, renewable 
energy career choices, managing a small business, 
managing employees, marketing renewable energy, legal and 
tax issues, and using computers. A detailed seminar outline 
is available at: www.homepower.com/files/ssbOOnet.pdf 

The dates are February 21-23, 2003. The cost is $350 and 
includes three lunches and a Saturday night banquet. 



Seminar size is limited, so contact Rue Wright at 
800-707-6585, 541-512-0201 , or 
richard.perez@homepower.com to reserve your place. 
Reservations accepted for a nonrefundable $100 deposit, 
with the $250 balance due by 2/1/03. Interest is very high 
in this seminar, so reserve early if you wish to be sure of a 
place. 

Lodging is available at discounted rates for seminar 
participants. The location is the Windmill Inn and Suites in 
Ashland, Oregon, www.windmillinns.com/ie40/ash/ash.htm 
or call 800-547-4747 or 541-482-8310. The nearest airport 
is in Medford, Oregon (MFR) and Windmill Inn offers free 
airport shuttle service. 



We hope to see you there, and look forward to helping your solar business prosper. 
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This book is the 
Solar Thermal 
Contractor's bible! 
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Water covers most of the earth 




We make it drinking water 

Solar Water Distillation Systems 
www.solaqua.com 

1 -S77 -4S3-2980 (915) 726-2B93 
P.O. Box 4976 El Paso, Texas 79914 USA 





Cool Down with SunDanzer" 
Solar Refrigerators and Freezers 

Highly efficient SunDanzer refrigerators and freezers 
are optimized for solar and battery operation requiring 
a smaller solar energy system than similar units. Using 
advanced technology and quality construction by 
Electrolux, SunDanzer refrigerators and freezers 
provide excellent value. For more information and to 
find out where to buy these products, 
visit www.sundanzer.com. 



SunDanzer 



SOLAR HOT WATER SYSTEMS: 
LESSONS LEARNED 
1977 to Today 

-- by Tom Lane -- 

FINALLY, a definitive how-to book 

for installing and maintaining high- 
performance and low-maintenance solar hot 
water systems — written by one of the 
leaders in solar contracting today I 

Author Tom Lane is a pioneer and innovator in the solar 
energy field. In this landmark book, he outlines how the 
latest technology and valuable lessons learned from the 
past can help a new generation of solar contractors 
expand their businesses and satisfy their customers. 

SOLAR ENERGY SYSTEMS COVERED INCLUDE: 

• Detailed system CAD drawings • Each system with 
manufacturer's components • Drain back • Closed loop 
glycol • Single and double pumped • Open loop 

• Passive ICS and thermosyphon • System testing and 
monitoring • Solar space heating and hot water system 

• Collector and storage sizing • Roofing and flashing 

• Manufacturer's component access • Solar pool heating 



Send check or money order today to: 
Energy Conservation Services 

6120 SW 13th St. • Gainesville, FL 32608 
Or, provide credit card & shipping info to: 
(352)377-8866 • tom@ecs-solar.com 



Contractor's Edition: 
Homeowner's Edition: 



Name: 



copies @ $40 each = $ 

copies @ $25 each = $ 

Shipping & handling: $ 4.00 

TOTAL: $ 



PH: 



Address: _ 
State/Zip: 
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Energy Fair 



r i 

Aug9*10*ll 

Flagstaff 




Discover the latest technologies in 
renewable energy and green building 
to power up your home or business. 

• Product & Technology Expo 

• Workshops 

• Demonstrations 

• Kids Fair 

• Free Admission 

Actor Dennis Weaver 

Friday 7:30 pm, Saturday 2 pm 

ECOLONOMICS FOR A SUSTAINABLE FUTURE 

Call 800-595-7658 for 

Fair & Lodging Information 
www.gfec.org/SWREF 




Discover the best in home design 
and natural living 



I 



Make your house a natural home 



• Clean air • Natural, recycled materials 

• Pure water • Organic foods 

• Allergy-free rooms 

Shelter your spirit at home — your haven for a healthy lifestyle from the inside out 
With every issue of Natural Home you'll discover all the inspiration and practical 
information you need to create an earth-inspired lifestyle in your home. Subscribe today! 



Yes! 1 want to subscribe to Natural Home. $24.95 for 1 year (6 issues). 
Complete and mail this section or subscribe online at www.naturalhomemagazine.com 



Name _ 
Address 
City 



Natural Home 

P.O.Box 552, 
Mt. Morris, II 
61054-0552 



_ State . 



_Zip_ 



Email address: 

Q Payment enclosed. Q Charge my credit card or call 800-340-5846. Q Charge my Q VISA Q MasterCard Q American Express Q Discc 

Card number Expiration Date 

Signature 



A2 HPM 
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Quick Start 

Home Power Subscription Special 

*£*tfj^* Save 

6 most recent 
available 
back issues... 
Sent Now! 

And... 

6 future issues 
as a subscription... 
Bimonthly! 




Quick Start 

PIm |g 4 Sub Special 

WM MO f & Basics CD-ROM 



Same as the 
Quick Start at left, 
plus...Solar1 
CD-ROM! 



Save 
$46 




The best articles on the 
basics of renewable energy 
from 15 years of Home Power magazine. Full color, 
indexed, searchable, printable. Basics video clips too. 



S&H US$5 
Call for Int'l prices. 



800-707-6587 • 541-512-0201 
www.homepower.com 

j-# PO Box 520, Ashland, OR 97520 USA H3 ! 



$64 

S&H US$5 
Call for Int'l prices. 



got solar?. ..we do! 



Upcoming Workshops Include: 



Green Building 
Technology 



Industrial & Commercial Solar Utilization 

Basic Photovoltaics/PV Site Auditor 

Intermediate Photovoltaics 

10 KWWind System Installation 

Using RET Screen 

Urban Photovoltaic Systems 

RE for the Developing World 



August 8 
August 15-16 
August 17-18 
September 15-21 
October 3 
October 18-19 
October 21-25 



Madison, Wl 
LaCrosse, Wl 
LaCrosse, Wl 
Lewiston, MN 
Madison, Wl 
St. Paul,WI 
Custer, Wl 




Call or write for more information and course descriptions. 
Midwest Renewable Energy Association, 7558 Deer Rd., Custer, Wl 54423 
phone (715) 592-6595 • fax (715) 592-6596 • info@the-mrea.org • www.the-mrea.org 
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Our Remote Home 
Radio Antennas 



Bill Layman 

©2002 Bill Layman 

So you want good 
radio reception at 
your remote home, 
and need to "lock on" to 
a particular AM or FM 
signal? Here's how we 
did it. 

First, you have to realize that there 
are many advantages and 
disadvantages to both FM and AM 
radio signals. Without getting into a 
long diatribe about frequency 
modulation versus amplitude 
modulation. ..wake up! Don't go to 
sleep on me! AM signals will travel 
farther, but are more prone to noisy 
reception (static and the like). FM 
has a limited area of reception, but is 
virtually noise free and has better 
fidelity (sound quality). 

Lynda and I lived quite comfortably 
with our AM antenna, and were 
happy with the reception of our 
favourite station for many years. On 
those days when the signal waxed and waned, and on 
others when summer storm clouds produced huge 
bursts of static every ten seconds or so, we just lived 
with it. After all, our favourite station is more than 400 
hundred miles (640 km) away. 

We live in northern Saskatchewan, about 340 miles 
(550 km) south of the boundary with the Northwest 
Territories, 430 miles (690 km) north from the border 
with Montana, and about equidistant from the provinces 
of Alberta and Manitoba. We have a seasonal home on 
Bob Lake, 30 air miles (48 km) away from the town of La 
Ronge. We spend four to six months of the year there, 
and without television, radio is a big part of our life. See 
HP68, page 58 for a story on our cabin's PV system. 




Author Bill Layman assembles a custom-tuned, five-element Yagi, 
FM antenna from salvaged parts. 



AM Antenna 

The drawing at right shows you how we built our AM 
antenna. This antenna is nothing more than a bare, 
braided copper wire, 75 feet (23 m) long, that is strung 
out between two trees at right angles to the signal we 
wanted to receive. The antenna is insulated from the 
guy lines (clothes line wire works well). A run of #1 8 (0.8 
mm 2 ) insulated wire feeds into an amplifier coil (about 
100 turns of insulated #18 wire) and runs to a ground 
rod outside. 

This gives you a very functional and extremely cheap 
antenna. Just move the coil around on the top of the 
radio until you get the best signal. Radio Shack has 
everything you'll need to build one of these, or you can 
do as I do and scrounge for all the parts. 
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Murdering Radio Reception 

What really wrecked it for us was the addition of a solar- 
electric system with a modified square wave inverter (to 
invert 12 VDC from batteries to 120 VAC household 
electricity) and fluorescent lights. Both the inverter and 
the lights interfered with the radio reception. 

Our Trace SB 2012 inverter produced a steady clicking, 
hissing noise on our radio. The fluorescent lights — well 
this is how Lynda described it one particularly bad night: 
"It's sort of like a sea mammal being killed with a pointy 
stick don't you think?. ..a sound that starts really slowly 
and builds into a wild high-pitched death screech. ..and 
then quits suddenly.. .and just when you think the poor 
creature has finally been put out of its misery.. .it starts 
all over again. ..please, please, please, kill it, Bill!" 

When I heard Lynda deliver this description with tears 
streaming down her cheeks, I thought I'd best fix the 
situation before / was killed in my sleep. I tried a million 
experiments — a better, higher AM antenna with much 
improved grounding system, capacitors wired into the 
lines leading to the offending lights, braiding the battery 
leads to the inverter, better radios designed for fringe 
reception areas, and all manner of noise filters. 

All that happened was that we ended up with smaller, 
slightly quieter, dying, wounded sea mammals. For a 
while, we actually wouldn't listen to the radio when the 
lights were on at night, which was not a good plan in the 
short days of winter! 



AM Long-Wire Antenna 




Insulation stripped, 
V wrapped around antenna, 
S soldering optional 





Bill's homebuilt FM antenna mounted on a recycled 
TV antenna mast. 



Radio Frequency Interference 

Without boring you to death, suffice it to say that we 
were dealing with what the techno-weenies call radio 
frequency interference (RFI). RFI drastically interferes 
with AM radio signals. It is almost impossible to 
completely beat because it is delivered to your radio 
both by the power wires leading to it, and also by RF 
energy that is radiated through the air. Your inverter 
does both, and your fluorescent lights do the latter in 
spades. 

If you can live with your inverter being turned off while 
the radio is powered by batteries, you can kill the noise 
on AM stations by using nonfluorescent lights. Halogen 
lights (expensive and not as efficient as fluorescents) 
are a good choice, as are the newer light emitting diode 
(LED) lights (very expensive, but more efficient). If you 
can't live without the inverter being on, make sure you 
have a sine wave inverter, since they produce less 
RFI — the purer the sine wave the better! 

The field strength of all radiated RF noise is inversely 
proportional to the square of the distance between the 
offending source and the receptor. I can just hear you 
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Reflector: 

153 cm 
(60.2 in.) 



Elements: 

1.27 cmdia. (0.5 in) 



gasping in disbelief, "Honey come 
quick — read this — how on earth 
have we lived so long without 
knowing more about RF noise?" Of 
course, all I am trying to say is that 
you should move the radio and its 
antenna as far from the inverter as 
possible. Or if all of the above 
remedies fail, and you can find an 
FM station that you like, you can 
build an FM antenna. 

FM Antenna 

I began to wonder if there was any 
way we could pick up our favourite 
station on its FM rebroadcast signal, 
which is delivered by a very low- 
power FM transmitter to La Ronge. It 
didn't seem like a great idea 
because the signal from this mini- 
transmitter is very low power, and 
we are about 30 miles (48 km) from 
it. Another problem is that there are 
lots of high hills between our fly-in 
home and La Ronge. FM delivers a 
line of sight signal that is quickly eaten up by 
obstructions between the transmitter and the receiver. 

But with lots of time on my hands at our cabin on Bob 
Lake, I began to experiment. I looked at a bunch of 
different TV/FM-type antenna arrays from Radio Shack, 
but couldn't find what I wanted. The problem with these 
antennas is that they are built to capture the entire FM 
broadcast range (88 to 108 megahertz — Wow, do I 
sound smart!), as well as the complete UHF/VHF 
television range. 

In plain English, they try to do everything. All I wanted 
was to get one tiny, needle-sized signal out of this vast 
haystack of radio and TV signals these antennas were 
designed for. Besides not being what I wanted, they 
were huge ungainly things and cost a lot of money. So 
Lynda asked one day why I didn't just build one... "Yeah, 
right. Why not ask me to build a NASA spaceship?" I 
thought. 



Five-Element Yagi Antenna: Tuned to 98.0 MHz 



Folded Dipole 

145 cm 
(57.1 in. 



Director 1 : 

138 cm 
(54.3 in.) 



Director 2: 

131 cm 
(51 .6 in.) 



Director 3: 

125 cm 
(49.2 in.) 




And from that tiny seed, an oak tree of an idea grew. 
After reading a series of books, I found that what I 
wanted to build was a Yagi directional antenna designed 
for the single frequency I wanted to receive, and that I 
should put an external signal amplifier on the antenna. 

Homebrew 

I got an old TV antenna and mast from a friend who had 
switched to cable. You'd be surprised how many of these 
are tucked away in garages and basements. With the 
aid of the diagram and table shown here, I designed my 
new antenna and cut the old one to bits and rebuilt it. 

All I needed was a hacksaw, a plumber's tubing cutter, a 
multibit screwdriver, a drill, some metal plumber's 
strapping (flexible metal strapping with prepunched 
holes), and some sheetmetal screws. The antenna 
conductors (signal directors, signal reflector, and the 
folded dipole driven element; see the Yagi antenna 
diagram) were fastened down to the main boom with 



Design Calculations for a Five-Element Yagi Antenna 

Radio Frequency in (MHz) 

Wavelength in meters (X) = 300 ^ Frequency 



98.00 



3.06 



Item 


Reflector 


Folded Dipole 


Director 1 


Director 2 


Director 2 


Spacing 


Factor (multiply by X) 


0.500 


0.475 


0.451 


0.429 


0.407 


0.200 


Calculation (cm) 


153 


145 


138 


131 


125 


61 


Calculation (inches) 


60.2 


57.1 


54.3 


51.6 


49.2 


24.0 
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brackets made from the plumber's 
strapping, and screwed down with 
sheetmetal screws. 



FM Radio Antenna Parts 



When you design an antenna, don't 
get carried away and start adding 
more conductors. You can make a 
Yagi antenna with as many directors 
as you want, but stick with the 
schematic I have shown you. You 
can't just start adding more 
directors to the design willy-nilly. 
The spacing of the conductors and 
their lengths are very precise to each design. And 
remember, any Yagi antenna design only needs one 
reflector and one dipole no matter how many directors. 

The whole experiment took place one gorgeous fall 
Saturday. From paper design to built, installed, and 
happily listening to the FM signal I wanted, was about 
five hours of work. Reading the books and performing 
the failed experiments took what seemed as long as 
getting your tax return cheque back. 

Yagi antennas are highly directional, and you need to 
orient them with a compass. Or do as I did and have 
your sweetheart listen to the radio as you twirl the 
antenna until she is happy. Feed the 75 ohm round 
coaxial cable into your home and to the radio. If you are 
using a signal amplifier, you will feed the cable to it and 
then to the radio. You will need a radio that has an input 
for either 75 ohm cable (a direct screw-in like on most 
new TVs) or for 300 ohm flat wire (two screw connectors 
on the back of the radio). 

If you have a 75 ohm connection, screw your cable 
directly into the radio. If you have a 300 ohm screw-type 
connection, attach your 75 ohm cable to a 75 to 300 
ohm (transformer) adapter and attach the adapter's two 
wires to the radio. I am using a Panasonic 
AM/FM/cassette ghetto blaster that I "liberated" from my 
son Zane when he went off to work in one of the 
northern mines. 

Multiple Frequencies 

In my case, I built an antenna for a single signal coming 
from one direction, so the whole experiment was 
relatively easy, and the Yagi was a perfect design. If you 
want to get the whole FM bandwidth (88 to 108 
megahertz) and they are all coming from roughly the 
same direction, a Yagi built to the average signal 
wavelength of 98.0 megahertz will work fairly well. (The 
Yagi design calculation table and antenna diagram show 
the specifications for this average frequency.) 

If you build a multibandwidth antenna, you should know 
that increased physical diameter of the conductors 



Item 


Radio Shack 
Part# 


Cost 
(Can$) 


FM high-gain signal amplifier 


15-1108 


$49.99 


Outdoor cable, 75 ohm, 50 feet 


15-8526 


19.99 


Ground rod, 10 foot 


15-529 


12.99 


Ground wire, #8 aluminum, 40 foot roll 


15-035 


6.99 


Transformer, 75 to 300 ohm 


15-1140 


4.99 




$94.95 



results in a wider antenna bandwidth reception. 
Translation: if you use bigger tubing, your radio will work 
better. So try making your antenna from V2 inch copper 
tubing fastened to a 3 A inch copper main boom rather 
than from the 1 A inch aluminum tubing that you can 
scavenge from an old TV antenna. You can make the 
curved corners of the dipole driven element with 90 
degree plumbing elbows. As an added bonus, the 
increased diameter also makes a much stronger 
antenna. 

If your signals are coming from multiple directions, 
things get tricky. This is when you may want to just 
spend the cash and buy one of the prebuilt Radio Shack 
arrays. 

If you are in an area prone to lightning, you should 
ground your antenna mast to an earth ground rod with a 
#8 (8 mm 2 ) ground wire fastened to a ground rod clamp. 
I didn't because I have so many high trees and other 
objects that the lightning will probably strike first — but 
honest, it is on my list of things to do. And don't forget to 
watch for sales at Radio Shack — they have some 
awesome bargains! 



Simple parts and tools are all that you need to 
significantly increase you FM radio reception. 
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Smart Radio 

Our antenna and amplifier are still working just fine after three years. 
Lynda no longer dreams of wounded sea mammals, and we stay ever so 
smart by listening to CBC (Canadian Broadcasting Corporation). My only 
worry now is how to get our federal politicians to promise to keep CBC 
alive, and stop poking it with pointy sticks like some poor wounded seal. 

Access 

Bill Layman, Layman Ventures, Ltd., PO Box 327, La Ronge, SK, Canada, 
SOJ 1 LO • 306-425-2858 • Fax: 306-425-3231 
layman@mail.cableronge.sk.ca 

Radio Shack, 1 00 Throckmorton St., Fort Worth, TX 761 02 • 800-843- 
7422 or 817-415-301 1 • Fax: 817-415-3240 • support@tandy.com 
www.radioshack.com • www.radioshack.ca 




"Making Renewable Affordable" 




Solar Panels 

BP585, 85W - $3944 for 10 
Photowatt(Matrix) 75W - $598 for 2 
Siemens SP130, 130W - $585 

Inverters 

Exeltech 1100W, 12V - $610 
Trace SunTie 1500&2500XR - Call 



Alt Energy Store.com 

Appliances 

Conserv 375 Fridge - $829 
Danby Gas Fridge/Freezer - $855 

Compost Toilets 
Sun-Mar Excel - $919 

Visit our online catalog for 1000's of 
Solar and Wind Energy Products 

Online educational seminars 

Technical email support 

Technical newsletters 

Mail Catalog 

Toll Free: 877.878.4060 

+1.207.469.7026 ■ Fax: +1.207.469.2397 
Sales@AltEnergyStore.com 



WWW. 

homepower 
.com 
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Workshop j on PV, Wind, 



Cloi& fo Cedar Rapids, lowu City & 
The Hiiro Amona Co/oniej 



Sirawbai* Heme Tours 



Vandal 1 ! Fram Atra^j 
The Midweil 



Outstanding 
Local Foods 
qnrf 




Camping raJJabJ* an sit* 



^J* / Seaut/fuf local tan jncfudnj 
resforeJ native prmVie and 
\ wooded frying pahhs 



far dttcaik Will wwtorjrenew.&rg 

mi (563)1754772 
IOWA RENEWABLE EHESGT ASSOC. 
MuHoiBie, IA5274K0355 



SATURDAY AND SUNDAY SEPTEMBER 7 & 8, 2002 

PRAIRIE WOODS FRANCISCAN CENTER • HIAWATHA, IOWA 



ZAPSUCKER 




Introducing... 

SOLAR/WIND Power of Portland 

Stocking: Kyocera • Wind-X • Trace • Morningstar 

Off-grid, Residential, & RV systems and components 
for contractors and do-it-yourselfers. 

Store/showroom at 10006 SW Canyon Rd., Portland, OR 97225 
FREE Class Wed. Nights, Call to reserve a seat 503-292-8916 
www.purveyor.com 



Hydro-Power for Home Use 



• 25 - 30% more efficient than Hi Output Alternator 

• Marine Grade Construction throughout 

• Re-connectable Stator 

• Retrofittable on existing turbine 

^^^^M 0-J2 Senior 

anport, Ci.- 
25-7552 
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Renewable 
Energy 

FESTIVAL 

2 2 

September 20-22 

Whitman College Campus 
Walla Walla, WA 
509.525.8479 
www.nwrefest.org 
info@nwrefest.org 



Feel the Energy! 



Learn About: 



Keynote 
. Speaker: 




Solar and wind energy 
Energy efficiency and conservation 
Hydro and biomass energy 
Home construction Entrance 
Green Tags/ Blue Sky SM 
Fuel cell energy 

Solar model cars and hybrid vehicles 
Reducing energy costs 
Recycling and waste reduction 
Solar cooking 

WastrumentS™ www.enufwaste.com 
(musical instruments made from disposable materials) 



Join us for over 30 workshops and 
panels on renewable energy. Children 
and teens will have over 10 interactive 
educational activities and workshops 
both days, including model solar car 
races and solar cooking. Musical 
entertainment will be provided by 
Dana Lyons, internationally known 
environmental singer/songwriter/ 
author, and Enuf ! Waste Band. 




Available Now! Only $25 



(U.S. S&H $6; Canada $10; international $15) 



THE NEW 
ELECTRIC VEHICLES 

A Clean & Quiet Revolution 
by Michael Hackleman 

Journey into the world of conversions, 
scratchbuilts, human-electrics, solar cars, 
electrathon racers, planes & boats — all powered 
with electricity. 



272 pages of EV technology, 465 photographs 
(over half in color), and detail on 65 vehicles. 
Includes 115 technical design and construction 
sidebars. 

To order Call: 300-707-6535 

Outside USA call 541-512-0201 • Fax: 541-512-0343 



or write to: 
Home Power Publishing 
P0 Sox 275 • Ashland OR 97520 
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provide better battery care, increase conservation 
awareness and aid system maintenance. 

• Volts • Amps • Amp-hours • Min/Max volts 

• Days since charged • Battery % full 

• Remote locatable • More ! 

Bogart Engineering • (831) 338-0616 
www.bogartengineering.com 
19020 Two Bar Rd. Boulder Creek, CA 95006 USA 




Solar Village 



i.lllir.yil.lF IT KH'-l-rtjIlL- *UW 

We will design. Install and 
support a Professional - 
quality ponver tyshem for 
Choose Irom micro- hydriex 
wind and photDvoltajc 
systems or combine any ol 
these to meet your needs a: 
fit your lifestyle. 
Plus you get trained so you 
know how It works! 

Call us, Tel 800^76-9530 
Fax 336^376-1809 
Visit our web site 

vj^olarvEl lage. com 
Located in North Carolina 




* Reliable, Affordable Components 

* Large Library of Adaptors 

* Most Experienced Tech Support 

* Design Assistance 

Conversion Kits: 

* Basic & Deluxe Universal Kits 

Contain all drive system components. 

You add mounts, boxes, etc. to fit your model. 

* Complete Custom Bolt-In Kits 

Voltsrabbit for VW Rabbit, and Voltsporsche for 
Porsche 914. Completely prefabbed. No design or 
welding necessary. Kit includes everything except 
donor car and batteries. 

For Catalog, Send $6.00 To: 



IFM®M B (^»H® 



■A 



(OUTSIDE U.S. & CANADA, ADD $5.00) 



\x/wirs. un 

)l /\ h< TRACKERS 

The Dual Axis Tracking Advantage 




The Wattsun AZ-300 Solar Tracker: 

2 KW on a Single Pole! Array Technologies is proud 
to introduce the Wattsun AZ-300 Dual-Axis 
Tracker Drive. With standard PV modules, the 
Wattsun AZ-300 Tracker can rack over 2 kW of PV 
power on a single mount. The heart of the AZ-300 
tracker is an industrial grade, worm-gear motor 

drive. The AZ-300 components are made of 
heavy-duty steel and cast iron, with a premium 
quality ball bearing gear drive assembly. 



Array Technologies, Inc. 
331 2 Stanford NE 
Albuquerque, NM 87107 



Phone: 505-881-7567 
FAX: 505-881-7572 
URL: www.wattsun.com 
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Things 
-Mat Work! 



Tested by Home Power 




Richard Perez & Linda Pinkham 



©2002 Richard Perez & Linda Pinkham 



Cold Lights by Bruce are plastic 
tubes filled with a chemical 
material that absorbs light and 
glows. They are very useful items to 
have around your home for locating 
paths, doors, staircases, and pets at 
night. 

How Do Cold Lights Work? 

Cold Lights use no electricity to operate. They store light 
in a patented, nontoxic, nonradioactive, silicate 
chemical compound. They absorb light during the day, 
or artificial light at night, and release this light energy as 
a soft, lime-green glow. Direct sunlight isn't necessary to 
charge up Cold Lights. Even if they are just in indoor 
light all day, they will glow all through the night. 

Cold Lights are made from an ultraphosphorescent 
polymer that has the brightest continuous afterglow of 
any nontoxic, nonradioactive material. Glow-in-the-dark 
toys and novelties produce less than 30 millicandles of 



illumination per square meter while Cold Lights by 
Bruce can produce over 320 millicandles per square 
meter. 

Cold Lights are too dim to read by or to illuminate 
objects. They are locators — navigational beacons. They 
are suitable for marking areas you want to find in the 
darkness — doors, paths, stairs, light switches, 
driveways, and fuse boxes, to name just a few. 

Cold Light Testing 

We've been using Cold Lights at Home Power Central 
for the last six months. We put them next to all the 
exterior doors leading into our buildings, and on the 
paths between our buildings. They show us where the 
doors and paths are at night. Having these Cold Lights 
has reduced our use of outdoor lights and even 
flashlights. Cold Lights are super easy to install— just 
two screws secure them to any surface. Since they are 
nonelectric devices, no wiring is necessary. 

We installed a 14 foot (4.3 m) long Cold Light strip along 
the staircase between the first and second floors of our 
home/office. The crew around here has taken to calling 
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A Dark Tail 

By Henry, as told to Linda Pinkham 

©2002 Henry 

How do you see a black dog like me on a dark 
night? I thought I would have to bite one of my 
people to teach them not to step on me when they 
get up at night. Instead, I got the world's coolest 
dog collar. 

This green phosphorescent collar nearly rivals my 
puppy energy. When I go outside and run around 
the yard, it stores up the sun's energy. Late at 
night, when I'm having puppy dreams and getting 
some serious sleep, it's still glowing. 

The glow is so bright, it actually casts enough light 
to almost work as a nightlight. I say almost 
because Linda and Michael thought they could use 
me and my collar to take a shortcut through the 
dark warehouse at Home Power without having to 
turn on a light. But I'm just a puppy, and I bumped 
into a wall right off and saw lots of stars. 

I was suspicious when I first saw the collar, and 
wondered whether it would be used to control me 
or what! But few things can survive a puppy, so I 
wasn't too worried. I really knew I wanted it when I 
saw the envy in the eyes of Lady, another German 
Shepherd who lives at my house. 

The collar has a series of very sturdy snaps for 
size adjustment, and a heavy duty D ring for 
attaching a leash. This thing sure stands up to the 
abuse! The other dogs I play with have grabbed the 
collar with their teeth to throw me to the ground 
when I irritate them. When I am on a leash, I 
haven't been able to wiggle free or break loose. 

I am just a little worried that I will always wear a 
collar now, even if it is very chic. But as far as 
safety, my people — and their cats — are very happy 
because I can be seen easily at night. 



this staircase strip a "glide path." It makes the stairs 
safer and easier to navigate in the dark. Since installing 
this glide path, we no longer need to use a light over the 
stairs at night. 

Manufacturer & Pricing 

Cold Lights are the brainchild of Bruce Brink. Bruce and 
his family have been using them for years, and decided 
to form a family business to bring the lights to the public. 
The cost varies with the size and type of Cold Light. The 




A 6 inch Cold Light will illuminate a dangerous step, 
hidden driveway, or the path to the outhouse, 
all night long from light gathered during the day. 



Yard Guard tubes for paths or doors (each about 6 
inches; 15 cm long) are US$70 for a pack of ten, or 
US$8 each. Henry's dog collar was US$25. 

Cold Lights carry a ten-year warranty. Contact Bruce for 
networking, pricing, and special Cold Light products. 
Chances are he can make whatever you want, just as 
he made us our staircase glide path. Cold Lights by 
Bruce even come in ultraphosphorescent colors like 
lime light, sky blue, and ultraviolet purple. 

Cold Lights are a simple and durable way to locate 
doors, stairs, paths, and pets around the home. Since 
they don't use electricity, they are a natural for energy 
efficient homes. And on top of it all, it's just plain old fun 
to watch them softly glowing all night long. 

Things That Work! Criteria 

The products reviewed in Things that Work! must meet 
three criteria: 

1 . The product must meet its manufacturer's 
specifications. 

2. The product must be durable and last in actual 
service. 

3. The product must offer good value for the money 
spent on it. 

The reviewed equipment is not necessarily the best 
product for all applications. 

Access 

Richard Perez, Home Power, PO Box 520, Ashland, OR 
97520 • 530-475-3179 • Fax: 530-475-0836 
richard.perez@homepower.com 
www.homepower.com 

Linda Pinkham & Henry, Home Power, PO Box 520, 
Ashland, OR 97520 • linda.pinkham@homepower.com 

Cold Lights by Bruce, Bruce Brink, PO Box 208, Azalia, 
OR 9741 0*541 -832-2670 
webmaster@coldlightbybruce.com 
www.coldlightbybruce.com ■ 
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The Book on 

Solar 
Cookers 

Back by Popular 
Demand 

A second edition, 
fully updated 
and revised. 

Includes: 

• A history as well as a who's who in the 
solar-cooking movement 

• Guidelines for designing your own cooker 

• Plans for building the SunStar cooker 
with salvaged and inexpensive materials 

• Tips and tricks for cooking with the sun 

With 200 Photographs & Diagrams 

A j jm Call Home Power Publishing 

9*5 800-707-6585 



S&H:$5, Canada: $i 
International: $10 



Outside USA 541-512-0201 

Visa, MasterCard, Discover, & American Express 



RENEWABLE ENERGY 
with the EXPERTS 

An Instructional Video Series 
on the Basics of Residential Renewable Energy 

Residential Solar Electricity (to** 
with Johnny Weiss, 48 min. ^9.9i 
Johnny Weiss is one of the ^Uch 
founders and teachers at Solar Energy 
International, in Carbondale, CO. 

Residential Wind Power 
with Mick Sagrillo, 63 min. 
Mick Sagrillo has installed and 
repaired over 1,000 wind turbines. 

Residential Microhydro Power 
with Don Harris, 44 min. Don Harris 
has designed and manufactured over 
1,000 microhydro power plants. 

^viewed 




HP56 



Batteries with Richard Perez, Editor 
in Chief and founder of Home Power magazine. 

Solar Water Pumping with Windy Dankoff, 59 min. Windy 
Dankoff has been designing and installing solar-powered water 
pumping systems for 15 years. 

Shipping $5 USA, $6 Canada, $10 International 

Home Power, Inc, PO Box 275, Ashland, OR 97520 
toll free in USA: 800-707-6585 • 541-512-0201 
Fax: 541-512-0343 
Web: www.homepower.com [] 




tnto the Sun at our 7th 

Real Goods Solar Living 6<g n Ten3 ill Hgl ^njci^ ^a I ff <Jr rf i p aj 
August 24th & '25lh, 

aeen Tbuiiainql 

ElSustainable Life'sjple^si 



A 



n n u 5 











Si 
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SUNWEAVER 

Design Hid InstaMion af Independent & Back-up no^r 
Serving New England Since 




Solar Wind Works 

CA Contractor's License: #796322 

Renewable Energy Power Systems 

• Sales — PV ; Wind, & Microhydro 

• Design— Off-Grid or On-Grid 

• Full On-Site Installation 

Chris Worcester 
Toll Free! 1-877-682-4503 
530-582-4503 • fax: 530-582-4603 
PO Box 2511, Truckee, CA 96160 
www. solarwind works .com 
off the grid since 1977! 



Proven Energy Solutions for Self-Reliance or Utility Buy-Back 








The Best Tool For Solar Site Analysis 

# Easy to Use 

# Fast & Accurate 

# Diagrams from 0-66° N & 0-49° S 

# Pathfinder with metal case & tripod 
$255, Handheld $175 (+ shipping) 

3680 Hwy 438, Dept HP — 
Pleasantville,TN 37147 
Phone & Fax 931 -593-3552 
www.solarpathfinder.com 3 » 


...1 1 


/ 


\ 

L \ 



Route 4 N on h wood, NH 0326 1 
Phone: 603-942-5863 - Fax:M3-942-773Q 

Web: www.aiiMeavorcjiOiiii - into aiiweiiursvom 



SolarHardware.com 



Best Prices 
Solar & Wind 



612-824-1111 



The generation of a megawatt-hour 
Begins with a single module/' 



The 




of RE 
on CD 



A collection of the 
best RE basics articles 
from 1 5 years of 
Home Power magazine. 
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Renewable Energy Fair 

When: August lO, 11. 2002 
Where: Ogle County Fair Grounds 
Oregon. Illinois 
Contact: bob and sonia Vogl 
Rhone Number: 815 732 7332 

Email: Sonia@essexi3Hh£ 
Website: Hrrrr^:/yvvwvv.ii_LiNoiSR en evv.org 




Shipping: 
$5 USA, 
$8 Canada, 
$10 International 

7b Ord&r Call: 800-707-6 525 

(541-512-0201 Outside USA) 

Or see our web site: 
www.homepoWer.com 

Or send check or money order to: *w 
Home Power Magazine 
PO Box 520, Ashland, OR 97520 



PC Software for 


rracrE 


Sine Invcrtors 


WInVzrttf '"Setup 
for Ins (alters 

- Sfl'rffi time programming 
■ R&Cdrd £4tfup afmultlpln 

customer? 
# E5&y reprr>gramininB 


WfriVert^jr "Monitor 
tar u«rs 

■ sat? sbuEui at a glariL* 

■ C^rol ift*wflrt<rf rrtfli lata! 
PC ft via rtmpfc* modern 

■ Log me^tr data Hie 


^ww.RiyhiH£i.ridEn.g.c<HTi . (425) 844-1291 



Meridian 

ITU'F^S -Vbllfftlfc, Inc. 




fnU JjrJnmf Pppign, tih-tsml Instill 
*wm. m a r i d 1 1 n ■ a La k otn 

Austin, Ten as fS12H^305<i 
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HOME POWER 
on CD-ROM 

Original Magazine Layouts & More 

Color • Indexed • Searchable • Exportable • Printable 
Adobe Acrobat PDF format (reader included) 

Issues #83 (June '01) through #88 (May '02) 

Over 5,000 pages of renewable energy information: spreadsheets for load 
analysis, wire sizing, and the Energy Master for system design; classic basic 
articles from the HP archives; 30 years of solar insolation data & wind data 
for 900 sites in the U.S.; manuals and spec sheets of popular RE equipment; 
the current InBiz database; and a searchable index. Bonus video clips in 
QuickTime video format 

Home Power, PO Box 520, Ashland, OR 97520 
800-707-6585 • 541-512-0201 • fax 541-512-0343 • www.homepower.com 



r 

SunWorld, the official magazine of the International Solar Energy Society says, 
"Together these CDs offer the largest collection of useful and practical information 
on achieving energy independence ever available." 




Shipping: $S in US 

(Canada $3; International $4) 






pa nung 


$4. 25 per watt 

...and if that don't beat all, 
, call TOLL-FREE , 
\ to negotiate... / 


\ ^?el-v 



Half-price poletop racks! 

DP&W brand. Each rack holds 10 Solarex 75's (or adapt for others) $347 
Free customer services: Module voltage configuration; "terminal tags" for easy hookup; wire gauge sizing advice. 




Wholesale & retail sales of 
PowerPulse® "sulfation-busters 1 

■ Covered by 1 979 patent 

■ 5 year warranty 

■ U.S. Military approved 

■ Used and recommended 
by Richard Perez 

12 volt $69.95 ■ 24 volt $11 9.95 
48 volt $179.95 
Call for delivered prices. 



Extend The Life Of Your Batteries! 



Got solar SURPLUS? Call Mick Abraham 8 to 5 

970-731-4675 ■ 800-222-7242 

Over 17 years experience; We know installations. 

Abraham Solar Equipment 

124 Creekside Place 
Pagosa Springs, Colorado 81 147 

All major credit cards accepted. © 2001 Abraham Solar Equipment 



THE POWER BROKERS 1 
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An electric Ford Ranger fills up using an Avcon connector. 



^| riving an electric vehicle (EV) is 
la kind of declaration of indepen- 
dence. It says that the driver is 
an independent thinker, not just another 
lemming in the SUV pack. An EV is not 
dependent on foreign oil — or even 
domestic oil. In fact, if the driver has an 
adequate RE system, an EV isn't even 
dependent on utilities and power plants. 

If an EV charges from the grid, it does so primarily 
during off-peak, overnight hours, when capacity is 
abundant. And it does it at home, freeing the driver from 
gas station lines. 

But sometimes it is useful to get a little extra charge 
away from the home base. Where can a thirsty EV get a 
drink? Last time, we talked about off-site charging for 
homebuilt electric conversions. This time we'll look at 
options for factory EVs. These full function, street legal 
models are a completely different breed of critter. 



What Flavor— 120 or 240 VAC? 

Conversions primarily use 120 V input for charging. 
Factory EVs sometimes have an onboard 120 V charger 
for emergency charging, but many of them rely on 240 V 
offboard chargers at their home base. A few owners 
have been known to pack their offboard 240 V charger 
along with them, but it was not designed with that in 
mind. Other factory models have onboard 240 V 
chargers built in. 

Both onboard and offboard chargers use unique 
proprietary connectors. GM products use the 
MagneCharge "paddle," a flat, round, inductive charging 
plate with a handle on the end of a cord from the 
charger. It slides into a slot in the vehicle. The first 
paddles were large, but later versions are smaller. Both 
are still in use. 

While GM at one time hoped to establish this as the 
standard, it has not been embraced by the industry, nor 
by the California Air Resources Board. With GM backing 
off its EV program, the usefulness of these chargers 
began to look doubtful. However, Toyota has now made 
its RAV4 EV available for sale to the general public, and 
it uses this charging system as well. 
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Some other vehicles, like the Ford Ranger EV, use a 
connection called an Avcon. This is, again, a specially 
shaped piece on the end of the charging station cable 
that mates to a receptacle on the vehicle. Unlike the 
paddle, this is a conductive interface, meaning that 
there's an actual physical connection between the 
Avcon unit and the receptacle on the car. 

For safety reasons, the Avcon requires a pilot signal 
from the car, a kind of electronic handshake, before it 
will operate. This is to prevent electricity from flowing 
into, say, a car fender or person's hand. 

All of these vehicles need to have access to the special 
chargers and connections that were designed 
specifically for them. Because manufactured EVs tend 
to be very high voltage vehicles (300 V or more, as 
compared to 96 to 144 V for most conversions), using 
the emergency 120 V charger doesn't provide much of a 
charge. 

Some owners of factory EVs using the Avcon system 
carry a PowerPak with them. The PowerPak is a power 
supply unit with the correct connections to make the 
transition from a standard 240 V outlet to an Avcon 
connector. 

Who Has Your Flavor? 

It's not a good idea to wait until you need a charge 
before you start looking for a charging station. EVs tend 
to get driven repeatedly to the same handful of 
locations — work, the grocery store, a favorite restaurant, 
the theater, etc. So check out the neighborhoods where 
you are likely to be parking the EV in advance. 

If you have a factory EV, you will need to look for formal 
charging stations (unless you carry a PowerPak for your 
Avcon connection). But these are not street corner 
fueling depots with a canopy and a minimart, like gas 
stations. Instead, they are likely to be small installations, 
just one or two chargers tucked into the corner of a 
parking lot. Some cities have installed public charging 
stations, as have some businesses. Parking lots near 
mass transit stations are good possibilities. The 
electricity is generally free. 

So how do you find these chargers? Fortunately, there 
is a network of EV enthusiasts and supporters who 
gather and publish lists of public charging facilities. Look 
for an owners' club for your model of factory electric 
vehicle. Check to see if a chapter of the Electric Auto 
Association (EAA) or other electric car club is in your 
area. If you are in a metropolitan area, check with your 
local utility, or air quality management district (or similar 
agency) for lists of charging stations. A wealth of this 
type of information is available on the Internet. Start with 
the EAA, and follow their charging links. 




A GM EV-1 gets a charge through the MagneCharge's 
inductive connector. 

Is the Bar Open? 

It's not enough to spot a charging station. You need to 
be sure it's actually functional. On a factory charging 
station, this will be pretty simple — plug it into your car 
and see if it works. Sometimes these stations are 
installed in a burst of goodwill. Then the person who 
championed the installation moves on, and the next 
person in that position is less friendly to EVs. Chargers 
may break down and not get repaired, or may have their 
power shut off from the main circuit breaker. 

If you find a nonfunctional charging station, find out who 
is responsible for it. Approach the person in a friendly 
and nonconfrontational mode, inquire about the status 
of the charger, and encourage him or her to get it 
functional again. Sometimes those responsible believe 
that no one actually uses those darn things anyway, so 
why bother? If you show that a pleasant, rational, real 
live person has a genuine use for the charger, it may get 
put back into service. 

A functioning charging station still won't do you much 
good unless it's also available. This means that an EV 
isn't already plugged into it, and that you have access to 
it. A too common experience among EV drivers is 
getting "ICEd out" of charging. This happens when an 
internal combustion engine (ICE) vehicle parks in the 
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spot intended for the EV, blocking the charger. This is 
similar to able-bodied people who park in handicapped 
zones. 

If the charger seems to be frequently in use by EVs, 
great! That means you have an active EV population in 
your area. It may be grounds to lobby for even more 
charging stations. If you often find the spaces blocked 
by ICE cars, this may indicate a need to lobby the 
responsible authorities for better placarding and 
enforcement of parking regulations. 

Mind Your Manners 

Some etiquette issues need to be addressed. For 
example, what if you get to the charging station, only to 
find another EV plugged in? If it's a factory EV, it will 
have an indicator showing state of charge. If it's a 
conversion, you may be able to see the state of charge, 
or you may not. 

The generally accepted protocol is, if you can tell that 
the car is at least 80 percent charged, it is acceptable to 
disconnect it and plug in your car. However, you should 
check the dashboard first. Some EVs actually need 90 
percent to complete their travels. If so, they should 
display a "90%" placard on the dash. When you 
disconnect and leave a parking space, it is also proper 
protocol to plug the charging connection into any 
adjacent EV that is waiting for a charge. 

GM EV1 drivers may have the option of using either the 
large or small paddle. If there's a choice, use the large 
one, since other cars may require the small paddle only. 

What if you find an ICE car parked so that it blocks the 
charger? You never know whether the driver is a nice 
person or an arrogant jerk, but start by giving the benefit 
of the doubt. As I mentioned earlier, many people don't 
believe that any electric cars are around to use the 
charger. Some may not have understood that it was an 
EV charging space. 

Rather than just leaving in frustration, try leaving a 
friendly note explaining that you need to use the parking 
space to charge your electric car. Be a Johnny 
Appleseed, scattering seeds of EV education, and 
hoping that some will sprout. If this is a chronic problem, 
however, you should talk to the authorities responsible 
for the charging station to see about getting it more 
clearly marked as "EV Parking Only," or to get better 
enforcement of this rule. 

Special Requests 

OK, you've scoured the neighborhood, and there just 
aren't any charging stations to be found. See if you can 
create one. City officials can often be convinced that 
having a couple of EV charging spaces in public parking 
areas will demonstrate that they are on the cutting edge 



of prudent city planning. EV charging stations can be 
touted as ways to lure EV-driving shoppers and high- 
tech oriented businesses into the area, as well as 
encouraging clean, quiet transportation. Metropolitan 
areas that are under the gun for failing to meet federal 
air quality standards might be anxious to demonstrate 
their good faith efforts to correct the situation. 

Business owners or managers can be convinced that a 
charging station would be good for business. Introduce 
yourself and chat them up. Explain that you patronize 
their business, and would like to do so even more, but it 
would be easier if you could get a charge for your car 
while there. 

It's important to know just how much juice your car 
sucks up, and what this translates to in dollars and 
cents, so you can assure the business owners that you 
aren't merely looking for a free ride at their expense. You 
can calculate this easily if you know your car's worst 
case charging draw, which occurs at the beginning of 
the charge cycle when the pack is on "empty." Multiply 
your kilowatt-hours of worst case draw by your local 
electricity rate. You will find that, even worst case, the 
cost for the juice is very small. 

Perhaps you can let owners of potential charging sites 
know that a club of EV owners is in the area, and that 
they would be likely to share information about such a 
charging station, and would then consider the business 
a "destination." Even better would be an informal petition 
signed by members of the local EV club, expressing 
their interest in using such a charging station. There is 
always more power in numbers. 

The last hurdle is money for installing the charging 
station. The sources of money for such installations 
include utility company grants or special programs, air 
quality management district grants, and incentives at 
state and federal levels. Many of these incentives and 
grants can be located through the Clean Cities 
Program, a project of the U.S. Department of Energy. 
Electric car clubs also may offer equipment or other 
assistance for installing public charging stations. 

The Perfect Recipe 

A few simple actions will vastly improve the success of 
any charging station project. First, don't locate the EV 
spaces right in front of entrances, like handicapped 
spots. They are too likely to get ICEd. Instead, locate 
them at the end of the row. EV drivers don't mind 
walking a little farther if it means they can actually use 
the charger when they need it. 

Second, be sure the EV spaces are boldly marked as 
"EV Parking Only," possibly with a large green emblem 
in the middle of the space. Finally, there should be an 
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effort at public education, with small placards at the 
chargers, and prepared press releases that correct 
misconceptions about the costs and safety issues 
involved. This will help defuse "fear and loathing" from 
gas car drivers. It is most effective if the agency 
responsible calls a press conference and issues these 
releases as a pre-emptive strike, rather than waiting for 
angry anti-EV letters to appear in the local paper and 
then trying to do damage control. 

The EAA offers placards, guidelines for installing 
charging stations, and information on financial 
assistance for charging station installations. Anyone 
lobbying for charging station installation should team up 
with the EAA. 

To Your Health! 

To really take advantage of the benefits EVs can 
provide, we need to break away from thinking in gas car 
terms. Refueling is not something you do by going to a 



special street corner business, a brief detour on your 
way to somewhere else. Instead, this is what your car 
does all by itself when it's parked — at home or in town. 

The infrastructure for gas cars is thoroughly embedded 
in our culture. For EVs, it's still in the early, formative 
stages. The nice thing about this is that we still have the 
power to shape it, if we will just get involved. 

Access 

Shari Prange, Electro Automotive, PO Box 1 1 13-HP, 
Felton, CA 95018 • 831-429-1989 • Fax: 831-429-1907 
shari.prange@homepower.com • www.electroauto.com 

Electric Auto Association, 2 Smith Ct., Alameda, CA 
94502 • 510-864-0662 • contact@eaaev.org 
www.eaaev.org 

Clean Cities Hotline, 9300 Lee Highway, Fairfax, VA 
22031 • 800-224-8437 • Fax: 703-934-3183 
ccities@nrel.gov • www.ccities.doe.gov 
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passive solar homes for the 21st century 

Debra Rucker Coleman, Architect 



SOLAR COOLING 



WITH 



ULTRA LOW ENERGY- 25 TO 130 WATTS! 

The most efficient coolers on the planet. 
12 & 24 Volt DC Evaporative Coolers 
KAR KOOL FOR YOUR VEHICLE 

Call SOUTHWEST SOLAR 

(520) 885-7925 Tuscon, 
Arizona, USA 
southwest~solat.com 




SolarMount™ 

The easiest, fastest, and safest way to 
install a PV array on virtually any roof. 

Now PE Certified 

with documentation to 
expedite building permits 

UNIRAC 

UniRac, Inc. 
2300 Buena Vista, SE, Suite 134 
Albuquerque NM 87106 USA 
Phone: 505.242.6411 • Fax: 505.242.6412 
www.unirac.com • info@unirac.com 
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7i*£- Work! 

Tested by Home Power 

P3 International's 

Kill A Watt 
Watt-Hour Meter 

Joe Schwartz 

©2002 Joe Schwartz 

Most Home Power readers are hip to the fact 
that the first step in designing a renewable 
energy system is a thorough evaluation of 
the electrical loads that the system will power. P3 
International is now manufacturing a low-cost, watt-hour 
meter that will help you determine which of your 
appliances are keepers, and which ones ought to be 
relocated to your favorite recycling center. 




If you live off grid or are aiming to, 
every dollar spent on efficient 
appliances will save you roughly 
three to five dollars in PV system 
component costs. The exact figure 
depends on a number of variables, 
including the appliances involved, 
the system's geographic location, 
array shading, and other system 
design specifics. 

If you live on the grid, your home is 
undoubtedly equipped with a utility 
KWH meter that measures the 
cumulative electrical energy 
consumed by all the appliances in 
your home. Each utility bill shows 
your home's monthly KWH energy 
use, and often breaks this figure 
down into average daily KWH use. 
But how do you find out how much 
energy individual appliances are 
using? Watt-hour meters let you do 
just that. 

The power drawn by a given 
appliance (volts x amps) can be 
calculated using a digital multimeter. 
But an accurate measurement of the 
energy (volts x amps x time) that an 
appliance consumes requires a watt- 
hour meter. This is especially true for 
appliances that cycle on and off, 
such as refrigerators or pumps. 

Several manufacturers make watt- 
hour meters for residential or office 
use. P3's Kill A Watt meter (model 
P4400) is new to this lineup. It's ETL 
listed for safety. At US$49.95 
(manufactured in Taiwan), this 
feature-packed meter comes in at a 
little over half the cost of the nearest 
priced competition. But how does it 
measure up? 

Not for Use with (Some) Inverters! 

We received two Kill A Watt meters 
from C. Crane Company for testing. 
The meter packaging included the 
following sticker: "Not for use 
with inverters." I contacted P3 
International, and spoke with an 
applications engineer about this 
warning. He said that P3 had not 
anticipated the use of the meter in 
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P4400 Tolerance Specs 



Function 


Normal 


Maximum 


RMS Voltage (Vrms) 


0.2% 


1 .0% 


RMS Current (Arms) 


0.3% 


1 .0% 


Watts (W) 


0.5% 


2.0% 


Volt-amps (VA) 


0.5% 


2.0% 


Frequency (Hz) 


±0.1 


±1 .2 


Power Factor (PF) 


±0.01 


±0.03 


Kilowatt Hours (KWH) 


0.5% 


2.0% 



conjunction with modified square wave inverters. The 
less than ideal waveform of these inverters resulted in 
the failure of one of the unit's resistors. 

We tested the meter on the grid, and on sine wave 
inverters manufactured by Exeltech, Statpower, and 
Xantrex. The Kill A Watt meter operated without problems 
on the waveforms of all these units. The P4400 has a six- 
month warranty that does cover failures resulting from 
use of the meter with modified square wave inverters. P3 
informed me that the meter has been redesigned, and 
the new version of the meter will operate on modified- 
square waveforms. (But we hope this doesn't keep you 
from purchasing a sine wave inverter!) 

Design Features 

The meter is designed to be plugged directly into a 
120 VAC, three-prong (grounded) electrical receptacle. 
The appliance being tested is in turn plugged into the 
receptacle on the front of the meter. In most cases, 
this arrangement works fine. But some receptacles are 
located behind the appliance (refrigerators are a prime 
example.) In this case, a short extension cord will 
allow you to place the meter in a more convenient 
location. 

The Kill A Watt meter was designed from the ground up 
for its intended use. A custom designed, integrated 
circuit samples voltage and current 2,048 times per 
second. The meter uses an 8 bit CPU with a 12 bit 
analog-to-digital converter and an 8 channel multiplexer. 
The meter's electronics are housed in an attractive- 
looking, custom enclosure with a fairly large LCD 
display. The buttons for changing meter functions are 
easy to use and have a positive feel. 

Product Specs 

For the price, the P4400 meter is loaded with 
measurement capabilities. The meter measures AC 
volts, AC amps, watts, volt-amps, frequency, power 
factor, kilowatt-hours (up to 9,999 KWH), and elapsed 
time (up to 9,999 hours). 



The table details the tolerance specs of the meter. 
Normal operating ranges are defined by the 
manufacturer as 90 to 125 VAC, and 0.2 to 15 amps. I 
checked these specifications with a Fluke 87 digital 
multimeter and a Fluke 43B AC power quality analyzer. 
Note that loads drawing 0.2 amps (23.4 watts at 117 
VAC) or less are operating outside of the normal 
window. But the maximum inaccuracy of the P4400 is 
only two percent when measuring outside of its normal 
range. This is more than adequate for home or office 
use. 

Current & Voltage Limits 

The Kill A Watt meter has a maximum current rating of 
15 amps. The P3 International applications engineer I 
spoke with stated that the meter would accurately 
measure loads up to 15 amps (at 120 VAC). If loads 
greater than 15 amps are powered via the meter, the 
unit's display will flash and a warning tone will sound. 
The P4400 can withstand a maximum current of 29 
amps for about one second before an overcurrent 
protection fuse blows. (This fuse is not user 
serviceable.) Data for loads above 15 amps will not be 
accurate, so there's no reason to push it and operate 
the meter above this 15 amp threshold. 

The meter has a specified upper voltage limit of 125 
VAC. In some locations, grid voltage can be higher than 
this value either regularly or sporadically. The P3 
engineer informed me that higher voltages only affected 
accuracy. The meter is in fact designed to withstand up 
to 250 VAC for one minute. 

What's Missing? 

The one feature I really missed on this watt-hour meter 
was a surge or peak power function. This data is 
important when specifying an appropriate inverter for a 
given combination of loads. A peak power function 
would be a great addition. 

The meter's memory is volatile. If you unplug the unit or 
power is lost during measurement, the data will be lost. 
So remember to record your measurements before 
unplugging the unit. Also, the display is not illuminated. 
While this isn't a big deal, a backlit display would make 
the meter easier to use in some locations. 

Nice Tool 

P3 International's Kill A Watt meter will provide you with 
accurate appliance energy consumption data whether 
you buy electricity from a utility or make your own. At 
less than US$50, this meter is an outstanding value. 
The information it provides will help you easily identify 
inefficient electrical appliances. In most cases, your 
energy savings will quickly recoup the cost of 
purchasing the meter, and allow you to save energy 
(and money) year after year. 
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Things That Work! Criteria 

The products reviewed in Things that Work! must meet 
three criteria: 

1 . The product must meet its manufacturer's 
specifications. 

2. The product must be durable and last in actual 
service. 

3. The product must offer good value for the money 
spent on it. 

The reviewed equipment is not necessarily the best 
product for all applications. 

Access 

Joe Schwartz, Home Power, PO Box 520, Ashland, OR 
97520 • 541-512-0201 •joe.schwartz@homepower.com 

P3 International Corp. • 888-895-6282 or 212-741-7289 
Fax: 212-741-2288 • sales@p3international.com 
www.p3international.com 

C. Crane Company, 1001 Main St., Fortuna, CA 95540 
800-522-8863 or 707-725-9000 • Fax: 707-725-9060 
ccraneco@aol.com • www.ccrane.com _ 




Things that Work 
Model 4-1850 
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Digital Power 
Meter 



Measures Watts 
& Watt-hours 
(kW-hr) 
Simple to use. 

Plug the Power Meter into any AC outlet, 
and plug the appliance to be measured 
into the Power Meter. That's it! 

Displays Real Power (0-1850 Watts), Energy (kw-hrs), 
Total Cost, Monthly Cost, and Elapsed Time. 

Easy to read backlit alphanumeric LCD display. 
PriCeS Start at S149. 95 Many models available. 



NEW! Model 20-1850RF. Radio Linked Plug in Power 

Meter. Supports up to 10 remote power sensors. 

Up to 300 ft range. Several versions available, including 

PC interface, logging and other advanced features. 

The ultimate in convenient power monitoring! 

Prices start at $199. See our website, or call for details. 



Brand Electronics 

421 Hilton Rd. 

Whitefield, ME 04353 

For information only, call 207-549-3401 

info @ brandelectronic s . com 



To order, call toll free 

1888433 6600 

www. brandelectronics. com 



[ Not Enough 
t Hood? 




Low-head microhydro 
generator from the makers 
of the "Stream Engine" 
. The LH1000 . 

Operates on heads of 2 to 10 feet 
Output of lkW @ 10' w/lOOOgpm 




WE MAKE WATER FROM YOUR GAS 
Hydrogen and oxygen battery gas catalytically recombined into pure 
water and returned to each battery cell. Keeps battery topped off for 
extended periods of time and reduces maintenance costs. Explosive 
hydrogen gas is virtually eliminated from the battery area. Corrosive 
spray and fumes are contained and washed back into each battery cell. 
Electrolyte kept strong longer, extending the useful power and life of the 
battery. HYDROCAP Vents simply replace the battery's caps. Battery 
maintenance is greatly reduced. Write or call for more information. 

305-696-2504 
975 NW 95 St. 

M „, 1 t T '"raftf Miami, FL 331 50 
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Adjustable output PM alternator 
High voltage models available 

> Straightforward installation 

> 1 year warranty 

Also available: Bronze turgo & plastic pelton runners, 
super-strong magnets, long-distance transmission systems, system 
design, consultation, installation and tech support. 

ENERGY SYSTEMS & DESIGN LTD. 
PO Box 4557 Tel: 506 433 3151 

Sussex, NB Fax: 506 433 6151 

E4E 5L7 hydropow@nbnet.nb.ca 
on the web www.microhydropower.com 

The 



"This is a very cool 
machine." -Bob-O-Schultze 
on the Stream Engine, 
Home Power #67 
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Our customers asked us to share their letters 
fit email with you. 



Dear SOLutions in Solar Electricity... 

. „ vnnrhelo. Your book is fantas 



The iob is done. Awaiting final inspection before torn on. 
modules, ST2500 inverter 

My pane, have ^^Xly^"^ 
P». <»ge.her some customer » 

is, I will recommend you to my neighbors. Caltforn 
PW1000 modules 

We are up and running. ^ES^S-"-! 
John turned off Ihe power and we SOU I Kept on » 

ni'S^^paa, 
SLSS^sSoTodnies.po.enaonooSW^ 

inverter, PC500 power center 

T want to thank you for doing the PV bulk buy. I had been 

mo" Iriousiy about finally doing it. New York - 16 
AP1206 modules, SW5548 inverter 



Zne 8 SQ80 modules, SW5548 mverter 

a f 19 AP1206's the 4KW Trace 

weet; "go We were thrilled! Thank you so much for all 



vour help Your book is fantastic! We're just now starting 

STCieS: Comer, SW4024 inverter 

digital meter, SW5548 inverter 
We had our first "real-world" test of the PV system the 
SerlrPower was out after a heavy snow storm. 
Everything worked great! New ^^J^ 
modules, TCB 10 combiner box, PC250 power center, 
SW4048 inverter, TM500 battery monitor, T250 
transformer 

Just warned .o letyou ^ 
panels. The last company 

,»st wanted to let yon know about the power outage we 
through our are. in N. Jersey ou g 

f said was really happy with eeerytmng and thought 

& oil it; start it up; plug it in; go to the basemen « p 
the transfer switches. All using flashlights. I was very 

heads so m y ^ ^ tf happens ! 

a generator, ma 'just do 

Great product! New Jersey 10 r o W An?4 
DC250 disconnect, TM500 battery meter, SW4024 

inverter 



Please email or call us today for your equipment needs. 
Joel Davidson a Fran Orner • Solutions in Solar Electricity • 310-202-7882 and 877-657-6527 
Email solar@solarsolar.com • Web Site http://www.solarsolar.com/ 
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Buying A Used EV, 
Part 2 

Mike Brown ©2002 Mike Brown 

In the previous article in this series, I discussed what to 
look for in the body and chassis of a used electric 
vehicle (EV) you might buy. I also looked at the 
conversion components themselves, pointing out which 
ones were desirable, and which ones were to be 
avoided. 

In this article, I'll finish the component overview with 
looks at the battery charger, the gauges, and most 
important of all — the battery pack. Next time, I'll wrap up 
by looking at how the conversion components were 
installed in the donor vehicle and how this affects the 
desirability of the EV. 

Charger 

The battery charger is a very important component. It is 
the link between your energy source, the AC wall outlet; 
and your energy storage system, the DC battery pack. 
The charger must accomplish this linkage without 
overloading the AC system, and without under or 
overcharging the battery pack. The battery charger must 
be a professionally built, commercially available product. 

The last thing you want is an AC transformer hooked to 
a half or full wave rectifier with a timer on the AC side to 
control how long you are going to abuse your batteries. 
If this or some other homebrew lash-up is presented as 
the conversion's charger, the price of the conversion 
should be lowered by an amount equal to the purchase 
price of a modern charger. 

Some of the older conversions may have a 240 volt 
input, offboard Lester charger. If the conversion is one 
of the Jet Industries cars, it will have an onboard 240 
volt input charger, which was built for Jet by Lester. Both 
of these chargers are good if you have 240 volt service 
available. Unfortunately, neither of these chargers nor 
an equivalent is in production. 

The surge of interest in EV conversions in the 1990s 
brought about the development and marketing of the 
120 volt onboard charger. The chargers of this type that 
you are likely to see in a modern conversion are made 
by K&W Engineering and Russco from the U.S., and 



Zivan from Italy. These three chargers have similar 
features, are currently in production, and are supported 
by their manufacturers. 

The big advantage these onboard chargers have is the 
wide availability of 120 volt outlets, which allows 
opportunity charging or charging at work during the day. 
Either of these options will extend the range and 
usability of an EV. 

The charger should be checked to see if it is operating 
properly. This can only be done if the EV is operational. 
The battery pack can be anywhere in its lifespan for the 
charger checkout. 

First, perform the battery test on the fully charged 
battery pack as described in the last section of this 
article. Next, plug in the charger and let it run while you 
are looking at the rest of the conversion. The charger 
should go into its finish mode fairly soon after it's 
plugged in. 

Some chargers are programmed to shut off completely 
when the pack has reached a certain voltage (2.5 volts 
per cell x number of cells per battery x number of 
batteries per series string = finish voltage). If the EV has 
this type of charger, check the pack voltage immediately 
after the charger shuts off. 

Other chargers go into a "float" mode when the finish 
voltage is achieved. This float mode has the charger still 
running at the finish voltage, but at low amperage until 
the charger is unplugged. If the charger goes into either 
of these finish modes shortly after being plugged in to a 
fully charged pack, the charger is OK in the finish part of 
its cycle. However, if it doesn't go into the finish mode, 
check the individual battery voltages and see if one or 
two batteries are lower than the rest. One or more low 
batteries would keep the battery pack from reaching the 
voltage necessary to trigger the charger's finish mode. If 
the battery voltages are very close to the same, there is 
something wrong with the charger. 

The test of the charger's start-up mode takes place after 
a test drive of at least 10 miles (16 km). Plug the 
charger in when you get back, and observe the 
ammeter on the charger. The charger should be putting 
out 12 to 16 amps on a 120 volt input charger. A 240 
volt charger should be putting out 25 to 35 amps. If the 
charger on the car you are looking at meets these specs 
and enters the finish mode correctly, it is a good 
charger. If the battery pack is dead, you have no way to 
test the charger, and you will have to take the owner's 
word for its operation. 

Instrumentation 

Since it is important to know what is going on with your 
EV, some gauges are required. The conversion should 
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be equipped with at least a voltmeter or state-of-charge 
meter and a high current ammeter. The voltmeter or 
state-of-charge meter is the EV's fuel gauge, telling how 
much energy you have in the battery pack. The 
ammeter is an energy consumption meter that lets you 
know how much energy you are using as you drive. 

These gauges should be round, automotive-style 
gauges for maximum readability and accuracy. If the 
conversion has panel meters like those found on 
stationary electronic equipment, you might want to 
replace them with the automotive style gauges. See the 
EV Tech Talk article in HP85 for an in-depth discussion 
of EV gauges. 

Batteries 

The number and type of batteries that are installed in 
the conversion determine both the usability and 
desirability of the vehicle. Since changing the battery 
racks and boxes to fit a different type of battery would 
be almost the same amount of work as doing the 
conversion yourself, it pays to buy a converted car that 
is suited to your needs. 

It has been our experience that a nominal battery pack 
voltage of 72 volts or less is appropriate in the small, 
lightweight, low speed EVs that are now being called 
"neighborhood" vehicles. This is not a suitable pack 
voltage for a steel-bodied conversion that is expected to 
do battle in traffic on busy main streets or freeways. 
Battery pack voltages of 96, 120, or 144 volts will give 
you the speed, acceleration, and range necessary to be 
safe and comfortable in normal traffic. 

The type of battery used in the battery pack is a very 
important factor to consider when deciding if the 
conversion EV you are looking at is suitable for your 
range and performance requirements. 

If the battery pack is made up of 6 volt golf cart 
batteries, you can expect good acceleration and range. 
If the newer, 8 volt golf cart battery is installed, you will 
get slightly better acceleration (fewer batteries for the 
same pack voltage means less weight), but slightly less 
range. (Range is determined by battery capacity, which 
amounts to how many pounds of lead you're packing.) 
Using 12 volt batteries will further amplify the 
characteristics of better acceleration and less range. 

EVs have been built with absorbed glass mat (AGM) 
sealed batteries, which offer no acid mess and even 
faster acceleration. They give better acceleration 
because their different internal design allows them to 
release their energy more quickly. The tradeoff with 
these batteries is that they have such a low amp-hour 
capacity, it is necessary to run two or three parallel 
strings of the same voltage to get any usable range. 




A used conversion may have older model components 
and batteries, but this need not be a problem if they 
are of good quality. 

The most common AH capacity for 6 V batteries is 230 
AH at the 20 hour rate, which is the rate usually quoted 
by suppliers. For 8 V batteries, 165 AH is the most 
common capacity. For flooded, 12 V batteries, AH 
capacity can be all over the map, depending on what 
kind of 12 V battery is used. For AGM batteries, it's 
generally only 55 AH. For more detail about different 
battery types, see HP72 and HP74. 

Another concern with the type of battery used in a 
conversion is what it will cost to replace the battery pack 
when it has reached the end of its life. Since the 6 and 8 
volt flooded batteries are built in large numbers for the 
golf cart market, they are affordable at US$60 to US$70 
each. The 12 volt, flooded batteries are in the range of 
US$1 00+ each. But since you only need half as many 
for the same pack voltage as a 6 volt pack, they are still 
reasonably priced. The AGM 1 2 volt batteries are also in 
the US$1 00+ price range, and since you need two to 
three strings of them, the battery pack gets expensive in 
a hurry. 

The lifespan of the battery pack is also important. The 6 
and 8 volt batteries are good for 3 1 /2 to 4 years if given 
good care and used sensibly. The 12 volt batteries 
usually last about 2 years. AGMs only last 1 or 2 years. 
How often you have to purchase a new battery pack 
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should enter into the decision process when looking at 
buying a used EV. 

If the battery pack in the conversion is suitable for your 
needs, find out how old it is. The present owner should 
know. If you want to confirm this, look for the letter- 
number code stamped into one of the terminals. The 
letter indicates the month ("A" equals "January," etc.), 
and the number is the last digit of the year. So "F9" 
would translate to "June 1999." 

For an actual look at the battery pack's condition, ask 
the seller to have the batteries fully charged when you 
arrive. Then use a digital voltmeter 
(DVM) to check each battery in the 
pack and record the individual voltages 
and the total pack voltage. Do this test 
before doing the battery charger finish 
mode test described earlier. Next, give 
the EV a good hard test drive, and 
note the mileage driven. Then check 
each battery's voltage and the total 
pack voltage again immediately after 
the test drive, and record the voltages. 

Compare all of the "before" voltages to 
spot any batteries that aren't taking a 
full charge. (Fully charged is 2.16 volts 
per cell at 78 °F; 26°C.) Look at all the 
"after" voltages for any batteries whose 
voltage has fallen significantly lower 
than the other batteries in the pack. (A 
difference of 0.2 volts is considered 
significant.) Compare the beginning 
and ending pack voltages. If you have a 
large difference and only drove a short 
distance, the battery pack is probably 
close to the end of its useful life. 



don't gradually wear out like a gas engine does. They 
either work, or they don't. 

Next time I'll look at the final area of concern. This is the 
level of skill, knowledge, planning, and attention to detail 
that was demonstrated by the builder as he or she 
installed the components in the chassis. 

Access 

Mike Brown, Electro Automotive, PO Box 1 1 13-HP, 
Felton, CA 95018 • 831-429-1989 • Fax: 831-429-1907 
mike.brown@homepower.com • www.electroauto.com 

m 



If the battery pack is so low that the EV 
can't be driven or is completely dead, 
the price of the conversion should 
reflect the need for a new battery pack. 

Two Down, One to Go 

I've examined two out of the three 
important areas of your potential used 
EV purchase. The first was the donor 
chassis itself, both in terms of the 
make and model of the chassis, as 
well as its age and condition. The 
second area of concern was the 
electric drive system components that 
were used for the conversion. With the 
exception of the batteries, the model of 
component used is more important 
than condition, since these pieces 



The Solar Heating Company 

Specializing in solar hot water, home heating, 
pool heating, and combined systems 



Gobi Collectors 

Three GGrwMi&nl s*zes 
HigJi performance rated 
Rugged, lasting cwstfuction 
Easy Fwd^re (or any till 
SflCC OG-IODc&rtihfld. 




Hetix Pump Station 

Powers solar hot water heating 
systems In direct water circulation 
or in glycol systems Handy heal 
exchange package available with 
(hermosiphori on ins water side 
for cold climates, 



Hel!o-Pak16 

Heat exchanger appliance 
external to tank and tor use 
with any lank. Compact, 
modular easy 10 install, it is 
also available with sc&r 
powered pumps For remote 
locations. 

SRCC OG-300 system 
certified, 





Sensible Technology since 1976 

HELIODYNE, INC. 

4910 Seaport Ave., Richmond, G A 94804 
TeE: 51 0-237-9614 Fax: 510-237-701 S 
e-mail: mfo@heltDrJyne.com 
web: www.heliodyne.carn 
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Timfksi Building Solutions 



Reviewed by Richard Engel 

©2002 Richard Engel 

When I first picked this book up, 
I flipped through the pages 
and thought I'd be done with it 
in a couple of hours. A week later, I was 
still poring over the hundreds of 
detailed and inspiring drawings, and the 
short snippets of hand-lettered text that 
make up John S.Taylor's unusual little 
paperback. 

It was originally published in 1983 under the title 
Commonsense Architecture, but has more recently been 
updated by the author and republished by Chelsea 
Green. The book is laid out in three sections: 

• Protection from the Environment 

• Accommodation of Human Needs 

• The Building Itself 



Subchapters address specific topics, such as staying 
warm, cooking, and the roof. 

The author/illustrator's small but very clear drawings and 
accompanying text show how cultures all over the world 
and throughout history have built environments to meet 
specific human needs, in most cases employing the 
simplest of technologies in startlingly inventive ways. Who 
knew that in ancient times Peruvians, Egyptians, and 
Afghanis were all using similar-looking rooftop wind 
scoops to direct fresh air into their homes? 

In some instances, Taylor takes one step further back in 
the evolution of architecture to show how animals use 
"smart" building techniques that take advantage of natural 
processes. For instance, we see in a cross-sectional 
drawing of a brush turkey's nest how these birds use 
waste heat from fermenting organic matter to incubate 
their eggs. 

Taylor has a wonderful eye for building innovations that 
cut across cultural and historic boundaries worldwide. For 
example, on a single page he illustrates the basic 
principles of passive solar design with drawings of a 
South Dakota farmhouse, Australian termite mounds, 
ancient public baths in Pompeii, and a pre-Columbian 
pueblo in New Mexico. 

In the introduction, Taylor explains how the book 
originated as a study in passive solar design, but soon 
took on a life of its own, evolving to tackle the broad 
subject of how people everywhere have housed 
themselves through the ages. Most of us at some time 
have visited a historic building, or perhaps a traditional 
village in a developing country, and said to ourselves, 
"Ah, this is a great idea — why isn't my house built this 
way?" To read this book is to be confronted by that feeling 
over and over again. If you're planning to build, expand, or 
remodel your home, you're sure to find at least a few 
great ideas you can borrow from A Shelter Sketchbook. 

Taylor does a fine job of reminding us that today's 
industrial building techniques, while perhaps the newest 
and the most high tech, are not necessarily the best 
methods humans have yet devised to shelter ourselves. 

Access 

Richard Engel, Schatz Energy Research Center, 
Humboldt State University, Areata, CA 95521 
707-826-4345 • Fax: 707-826-4347 
rae7001@humboldt.edu • www.humboldt.edu/~serc 

A Shelter Sketchbook: Timeless Building Solutions, 
by John S.Taylor, 1997, ISBN 1-890132-02-0, 168 
pages, softcover, US$18.95 plus shipping from Chelsea 
Green Publishing Company, PO Box 428, White River 
Junction, VT 05001 • 800-639-4099 or 802-295-6300 
Fax: 802-295-6444 • pbuskey@chelseagreen.com 
www.chelseagreen.com 
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Renewable Energy Terms 

Electrons — Charged 
Particles 

Ian Woofenden ©2002 Ian Woofenden 

Derivation: From the Greek word for amber, "elektra." 
Amber is petrified tree resin, which when rubbed with a 
cloth, builds up an electric charge. This phenomenon 
led to the word "electricity," and Irish physicist G. 
Johnstone Stoney coined "electron" in 1891. 

When we talk about electric currents in wires, we're 
talking about the movement of electrons. But what are 
electrons? To understand that, we have to look at some 
chemistry basics. 

All matter is made up of "elements," materials that 
cannot be broken down further by chemical means. 
Hydrogen, oxygen, nitrogen, carbon, and copper are all 
elements. The complete list of currently acknowledged 
elements can be found in the Periodic Table of the 
Elements. 

The single unit of an element is called an atom. An atom 
is made up of three major components — protons, 
neutrons, and electrons. Protons and neutrons form the 
"nucleus" or center of the atom, while electrons 
surround the nucleus. 

Protons have a positive charge, electrons have a 
negative charge, and these opposite charges are 
attracted to each other. (Neutrons have no charge.) The 
electrons are racing around the proton, and are repelled 
from each other. A simplified model is a tiny solar 
system (and I don't mean a solar-electric system), with 
the protons acting like a sun, and the electrons acting 
like planets. In fact, electrons may be more like clouds 
moving around the nucleus. 

The electrons travel in "shells" similar to orbits — each a 
specific distance from the nucleus. Each different 
element has a specific number of shells in its atom and 



a certain number of electrons in each shell. In its neutral 
state, an atom has the same number of electrons as 
protons. When there is an imbalance, electrons begin to 
move in an effort to regain the balance of charge. 

If you pick up a piece of copper wire and walk across 
the room, you've moved the electrons in the wire. Is this 
movement an electric current? Of course not. The 
electron movement that we use to power our appliances 
is the electrons moving while the protons don't. This is 
what we call an electric current or "amperage." An amp 
is one coulomb per second, and a coulomb is about 6 
billion billion electrons. 

Heat, friction, pressure, light, magnetism, and chemical 
activity can all move electrons through a circuit. In PV 
modules, light dislodges electrons. In alternators, 
magnetism in motion moves electrons. And lead-acid 
batteries move electrons via a chemical reaction. The 
other three ways are less common. Piezoelectricity 
(pressure) is used in stove and grill igniters. 
Thermoelectricity (heat) is used in the safety shutdown 
mechanism of some on-demand water heaters. And 
friction is mostly used for shocking yourself on 
doorknobs. 

When you flip a light switch, the bulb lights up almost 
instantaneously. So you may think that the electrons are 
traveling very quickly. In fact, an electric current is quite 
slow, like "a river of warm putty," as science 
misconception maven Bill Beaty says. The electrons 
may travel less than an inch per minute in DC; in AC, of 
course, they just wiggle back and forth. 

It's the energy transfer that's nearly instantaneous. This 
is easier to imagine when you remember that electrons 
are not something that we have to fill our electrical pipe 
with. Electrons help make up the pipe — they are part of 
the metal in the wire. We're simply jostling them along in 
the wire when we flip the switch and energize the circuit. 

Think about what happens when you pull on a rope. 
Your pull is felt at the other end almost immediately. The 
rope is like electrons, which move slowly. The "pull" is 
like energy, which moves almost instantaneously. 

So electrons are charged particles that are a basic part 
of all matter. When they move in relation to protons, an 
electric current results. Electrons are tiny — one coulomb 
of electrons in copper is about the size of a grain of salt. 
But their movement powers our homes. In future 
columns on conductors and insulators, I'll cover how 
they behave in different materials. 
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Ian Woofenden, PO Box 1 001 , Anacortes, WA 98221 
Fax: 360-293-7034 • ian.woofenden@homepower.com 
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Thais Stick 
Together 
Against Coal 

Michael Welch ©2002 Michael Welch 

£ £ I imagine if an electricity company 
I tried to build a dirty coal fired 
I power plant on a rural beach near 
a national park in, say, southern 
California in 2002. Now, imagine if that 
coastal area was a breeding ground for 
whales and dolphins. Most likely, the 
company would be laughed out of the 
state." So starts a Greenpeace 
brochure entitled, "Edison Out: The 
Struggle to Stop Coal Fired Power 
Plants in Bo Nok and Ban Krut, 
Thailand." 

The guilty party is Edison (aka Edison International), the 
parent company of the huge utility, Southern California 
Edison (SCE). It is also the parent of Edison Mission 
Energy (EME), another large company responsible for 
building and owning power plants throughout the world. 
EME has 76 plants, with a total capacity of 19,000 MW, 
in places like Australia, Thailand, Italy, Puerto Rico, New 
Zealand, and the Philippines. They have coal mining 
interests in Australia and Indonesia. They would own 
about 40 percent of a 734 MW plant proposed for Bo 
Nok, in Thailand's Prachuap Kiri Khan province. 

A 1 ,400 MW coal plant is planned for nearby Ban Krut, 
also in the Prachuap province. This proposed plant 



would be owned by a consortium of electric and 
development companies from Japan and Hong Kong. 

Corporate Sleaze 

Edison International is no stranger to corporate 
sleaziness. SCE has been teetering on the edge of 
bankruptcy after the PG&E and Edison restructuring 
scandals in California, and the related Enron fiasco. Like 
PG&E's parent corporation setting up its utility 
subsidiary for bankruptcy, Edison has managed to 
insulate itself from its subsidiary's financial woes. 

Edison's Laughlin, Nevada coal plant is another 
offender — possibly the number one polluter in the U.S. 
Too few environmental controls exist on the plant, and it 
is the largest single source of greenhouse gases in 
North America. It is responsible for much of the acid rain 
that reaches the northeastern U.S., and its smog 
impacts visibility at Grand Canyon National Park. This 
same plant pumps 3 million gallons of "ancient" water a 
day out of the local aquifer, one of the few water 
resources in the region. 

But this article is not just about the bad things that 
soulless, multinational corporations like Edison do in the 
name of profit. Rather, this is a story that shows how the 
locals in Thailand are doing a great job of grassroots 
organizing to overcome odds stacked against them. 

The Thai government has been avoiding promised 
announcements about the future of the coal plants. 
Speculation is that the prime minister has decided to let 
the plants die quietly by missing approval or financing 
deadlines, rather than make a negative public decision. 
This nonaction is the politically expedient thing to do. 

Of course, no project like this is dead until the 
developers have thrown in the towel. A lot of money is at 
stake. Huge profits and U.S. subsidized loans make 
projects like this look good for developers. In an attempt 
to sway Thai public opinion, Edison spent more than 
US$1 .3 million on ads and public relations campaigns. 

Citizens Not Buying It 

While local manufacturers and the Thai government 
may have been influenced by such campaigns, the Thai 
populace is not fooled. In 1995, when the idea of Thai 
coastal power plants was first mentioned, 4,000 citizens 
protested. In 1997, the Love Bo Nok group was formed 
when it was disclosed that a coal plant was really being 
planned, and not the relatively innocuous golf course 
that villagers expected on that site. Several more 
protests with thousands of participants were held all the 
way into 2002. In January, 533 academics signed a 
petition calling for review of the plants' power purchase 
contracts, saying that the projects represent an example 
of "policy-based corruption." 
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The Thai public was further outraged when another coal 
power plant in Thailand leaked toxic gases, causing 
hundreds to be hospitalized, killing livestock, and 
creating breathing problems for 42,000 people. Then 
under pressure from Thai and U.S. NGOs, the Export- 
Import Bank of the United States (EXIM) withdrew the 
Bo Nok plant from funding consideration. 

Thai citizens were further mobilized when reports 
surfaced that U.S. Ambassador to Thailand Richard 
Hecklinger had been interfering with the public debate 
on this project, and pushing the coal project on behalf of 
Edison Mission Energy. Of course, the U.S. government 
denied meddling in Thai affairs. 

Greenpeace, Friends of the Earth (FOE), and other 
international environmental organizations got involved 
in the efforts. FOE and other NGOs worked to block 
U.S. subsidized loans from EXIM. Greenpeace took part 
in an information campaign to focus Thailand interest on 
renewable energy and cleaner electricity sources. In 
early May, they donated two photovoltaic systems — one 
to a Ban Krut temple and the other to a Bo Nok 
school — and received the blessing of Buddhist monks 
for doing so. 

"Thailand does need energy — energy from the sun, the 
wind, and the ocean. But not from dirty, old fashioned 
technology dumped on them by big international 
companies like Edison," said Greenpeace International's 
executive director, Gerd Leipold. "If we are to prevent 
dangerous climate change, we need a massive global 
boost in these renewable technologies." 

The Thai government seems open to RE possibilities, 
having recently passed a very favorable net metering 
law allowing system sizes up to 1 MW. Thai officials 
have a lot to learn about that sort of thing — they rely on 
fossil fuel and hydroelectric for 99 percent of their 
electricity. Not much on-grid RE — yet. 

Real Effects 

Climate change is not the only environmental factor 
involved. More personal to the Thai villages surrounding 
the plant is the marine life. The Gulf of Thailand is rich in 
fish, whales, and other marine mammals. Villages on 
the Thai coast rely on seafood for subsistence, as do 
the whales that inhabit the area. 

The Thai Science Ministry reported that a minimum of 
550 minnows per minute could be drawn into the Bo 
Nok coal power plant's intakes along with the water for 
the generator and cooling. "That would affect the marine 
ecosystem severely, and this was not taken into 
consideration in either of the EIA (environmental impact 
assessment) reports for the two projects," said Suphavit 
Piamphongsarn, head of the ministry's investigation 



committee. "This figure we have is the minimum. It's 
possible that the real impact would be more." 

After running through the plant, the very same water 
would be expelled back into the gulf, but it would be 
heated and possibly contain contaminants, further 
endangering sea life. Other negative impacts could 
include wetlands damage, health effects, and loss of 
farming income from acid rain and ash fallout. The 
locals realize that all these problems are real. And the 
locals are proving to the world and their own 
government that appropriate action pays off. 

Thai politicos are more concerned about the economic 
realities of the plant than its effects on the environment. 
When two local NGOs, TERRA and the Alternative 
Energy Project for Sustainability, studied the plants' 
economics, they discovered errors in electricity demand 
forecasts. They were then able to come up with 
compelling arguments that ultimately caused the prime 
minister to take another look. The bottom line is that the 
electricity isn't needed, and the plants are a bad deal for 
Thai ratepayers. The rest of the world should feel 
empowered by the results of Thai grassroots efforts. 

More Sleaziness Back at Home 

In my research for this article, I came across yet another 
southern California utility that intends to exploit a third 
world community with its dirty power plants. Sempra 
Energy, the parent company of San Diego Gas & 
Electric, is planning to build gas pipelines, gas power 
plants, power transmission lines, and an LNG plant just 
south of the California border in Mexico. 

The idea is to take advantage of Mexico's lack of 
environmental regulation and labor laws, and still have 
access to selling power in lucrative California markets. 
For more details visit: www.cleanenergynow.org 
/cleanenergynow/sempra_bad.html on the Web. 

Vote with Your Pocket 

Just to keep your conscience clear, you might want to 
sell your shares in Edison, Sempra, and other similar 
companies. No sense in profiteering from the 
exploitation of the environment and the third world. You 
may not even know that you are invested in these kinds 
of money-sucking corporations. 

For example, the top few investors in Edison include 
Capital Research and Management Co., State Street 
Corp., J. P. Morgan Chase and Co., Capital Guardian 
Trust Co., and Putnam Investment Management, Inc. All 
of these companies have publicly available investment 
plans or mutual funds that many innocent folks invest in 
without knowing what their money is being used for. 

Check out your investments — you may be surprised. 
And if you participate in employer retirement programs, 
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you can have a huge influence over where they invest. 
Most large employers have employee relations 
departments that will pass your opinion on to the 
investment policy makers. Many retirement programs 
have inadvertently spawned grassroots watchdog 
groups that have an effect on where their retirement 
money is invested. 

Access 

Michael Welch, c/o Redwood Alliance, PO Box 293, 
Areata, CA 95518 • 707-822-7884 
michael.welch@homepower.com 
www.redwoodalliance.org 

Towards Ecological Recovery & Regional Alliances 
(TERRA), 409 Pracharatbampen Rd., Soi Rohitsook, 
Huay Kwa, Bangkok 10310 Thailand • 66-2-691-0718 
Fax: 66-2-691-0714 • terraper@ksc.net.th 
www.terraper.org 

Alternative Energy Project for Sustainability, 801/8 Soi 
Ngamwongwan 27, Ngamwongwan Rd., Meung, 
Nonthaburi 1 1 000 Thailand • 66-2-591 -5076 
Fax: 66-2-952-7606 • aeps@ksc.th.com 

Greenpeace USA Clean Energy Now! Campaign, 75 
Arkansas St., San Francisco, CA 94107 
415-255-9221 • Fax: 415-255-9201 
kristin.casper@sfo.greenpeace.org 
www.cleanenergynow.org 

Greenpeace Southeast Asia, Room A201 , 60/1 
Monririn Building, Phaholyothin soi 8 Road, Phayathai, 
Bangkok 10400, Thailand 
662-2727100-2 • Fax: 662-2714342 
greenpeace.southeastasia@th.greenpeace.org 
www.greenpeacesoutheastasia.org 



NORWOOD 



Friends of the Earth, 1 025 Vermont Ave. NW, 

Washington, DC 20005 • 202-783-7400 

Fax: 202-783-0444 • foe@foe.org • www.foe.org 



San Die g o & Ba j a Mexico 

Come visit our well stocked showroom for every- 
thing solar. Design, installation and service for 
hot water, pool heating, and solar electricity. 
Ask for our comprehensive catalog of latest equipment. 

Horizon Industries 

2120 W. Mission Rd. #L, Escondido, CA 92029 
1-800-564-0403 /fax: 760-480-8322 

Calif. Solar License # 345103 Since 1984 
www.horizonsolar.com 



CAL SEIA 



PORTABLE 
BAND 
SAWMILLS 



• Handles logs 31" diameter. 

• Saws 24" wide boards & beams. 



LIMBERMATE™ 
2000 




Call today for more details! 

800-661-7746 m.m 

www.norwoodindustries.com 

Norwood Industries Inc. • 252 Sonwil Drive, Buffalo, NY. U.S.A. 14225 




Fuel any Diesel vehicle, 
generator, or engine with 
vegetable oil! 

Complete instructions, 
photos, diagrams, parts 
lists, and resources for: 

• Running a diesel on 
Straight Vegetable Oil 

• Making Biodiesel from 
Used Cooking Oil 

• Building a Small Scale 
Biodiesel Processor 

• Growing Oilseed Crops 

• Diesel Vehicles 

The Veggie Fuel Video... 

Follow Joshua Tickell as he makes biodiesel from used 
cooking oil with easy-to-read, onscreen instructions. 



Book or Video $29.95ea. (Outside USA add $5) 
Book & Video Combo $46.95 (Outside USA add $7) 
1-800-266-5564 or 419-281-1802 (24 hrs/day) 
http://www.veggievan.org/book.html 
U.S. check or money order payable to: 
BookMasters, P.O. Box 388, Ashland, OH 44805 
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Phoenix Composting Toilet System 



Odorless • Waterless • Large Capacity 
Low Energy Requirements • Owner-Friendly 




$249.95 



We sell PMA's and carry Wind 
Turbine parts and accessories. 

HORNET Wind Turbines 

Best dollar per Watt value on the market 
today! ONLY 250 PER WATT!!! 

www.hydrogenappliances.com 

Ph. 661-724-1919 Fax 661-724-9051 



Advanced Composting Systems 

1 95 Meadows RD 

Whitefish, MT 59937 

Voice: 406-862-3854 

Fax: 406-862-3855 

phoenix@compostingtoilet.com 

www.compostingtoilet.com 



Sunergy Systems, LTD 

Box 70, Cremona AB TOM ORO 
Voice/fax: 403-637-3973 
sunergy@telusplanet.net 
In British Columbia: 
Voice: 250-751-0053 
Fax: 250-751-0063 



Self-cleaning Screens for Hydro 
& Domestic Water Diversions 

-Patented Aqua-Shear Process- 




Accepts from 10 gpm 
up to 250 cfs 

Patented technology 
prevents clogging 

Slots widen inwardly 
allowing debris to pass 
easily through 



Norris Screen, Inc. 

www.eni.com/norris • 304-431-7240 



Outback Solar 



^Special kmg In 
*on Tlte Grkl Calais 
#Su loi- U HdrndA 

System Design and InstalldElM 




678-464-3585 




Solarex PV Modules 
SX60 $289, SX75TU $359, SX120$599 
Trace C40 charge controller $149. 
Solar Boost 2000E $229. 
Authorized dealer for Dankoff Solar waterpumps. 
We are a family owned and operated business who use what we sell. 
39 Leeches Rd., Ellijay, Ga. 30540 
email: info@outbacksolar.com • web: www.outbacksolar.com 



NEW ENGLAND 
SOLAR ELECTRIC, INC. 

401 Huntington Road, PO Box 435 
Worthington, MA 01098 
1-800-914-4131 



This is the most popular book for PV remote 
homes. It is written and published by 
New England Solar Electric Inc. 

"Best all around book on wiring your PV 
system." 

Real Goods Sourcebook 

"Our favorite book for Do-It- Yourself ers." 
Windy Dankoff, Dankoff Solar Products 

"This should become the bible for alternative 
energy users." 

Ken Cox, Trace Inverters 




$16.95 plus $3 PPS 

(includes our $3 catalog) 



Send $3 for our 80 page catalog and product guide 

Servel/Dometic Gas Refrigerators. Trace Inverters. Trojan Batteries. 
Siemens & Solarex PV modules, Osram Bulbs. Thinlite Fixtures 
Aquastar Hot Water Heaters. AIR 403 Wind Generators 

Best book, most user friendly catalog, 
& best kits in the business. 




The largest selection of propane 
powered refrigerators and freezers 
In stock anywhere! 

From 2.2 cubic f«t to IB cubic feel. 

Free standing home moctets F 
power portables, and slid&-in RV models. 
DYNAMX, INC. 192 B) 63G-1955 

www. warehouseapplla nce.com 
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Incentives: Buydown 
vs. Performance Based 

Don Loweburg ©2002 Don Loweburg 




he most successful state-run PV 
incentive program in the United 
States today is the California 



buydown. This program provides a 
rebate of up to US$4.50 per watt of 
system capacity, decreasing the final 
system cost to the customer by about 
50 percent. 

The buydown, plus net metering, creates a simple 
payback time of seven to fifteen years, depending on 
the customer's utility rate schedule. For details about 
simple payback and rate schedules in California, read 
my columns in HP85 and HP87. And for a broader 
examination of the payback issue and the California 
buydown, read Allan Sindelar's "Payback on RE?" in 
HP87 and Eric Hansen's "State Funds Available for RE 
Systems in California" in HP82. 

The design of the California buydown program was a 
collaborative effort. During the development of the 
current program, there was much discussion of 
performance-based incentive programs such as those 
in Germany and Japan. Unlike the single-meter, net 
metering systems in California and 34 other states, 
programs in these countries use two meters. One meter 
records consumption while the other records PV 
production. The customer pays the full price for the 
PV system up front. A premium price is paid for the PV 
production, and the customer recovers the cost of the 
PV system over time. 



After considerable debate, a majority of the discussion 
participants opted for a buydown program. It was 
agreed that making systems more affordable was of 
primary importance, and that a two-meter system was 
administratively cumbersome compared to a single net 
metered approach. 

Though we are many years into a very successful 
program, there are those who continue to lobby for a 
performance-based program. Rewarding performance, 
rather than installed capacity, they argue, will result in 
better installed systems. 

One of the arguments forwarded in support of this 
premise is the supposed poor performance of systems 
installed under the California buydown program. This 
criticism is substantially unsupported. It is agreed that 
during the first two years of the rebate program, random 
field samplings revealed problems in about 25 percent 
of installed systems. This is an unacceptable figure. 
However, there are facts that should temper our 
interpretation of this number. 

Many of these early rebate systems were Y2K systems 
with battery storage. These systems are significantly 
more complex than nonbattery systems and therefore 
prone to more problems. Many early systems were 
installed by do-it-yourselfers, and in many cases, system 
performance expectations were out of line with reality. 
Also, not all the problems were performance problems. 

In spite of the problems detailed in the early technical 
samplings, a report commissioned by the California 
Energy Commission (CEC) in early 2000 reported 90 
percent customer satisfaction. These customers would 
"recommend a PV system to friends and neighbors." 

Today, over two years since the initial field survey and 
with thousands of systems installed, things have 
changed substantially. First, most installations are 
simpler, nonbattery systems that are less prone to 
installation errors. Second, a higher percentage of 
systems are installed by professionals. Third, system 
output performance is now better understood, and 
competent installer-designers can provide accurate 
performance information to the customer. 

Customers should demand performance information 
before signing a contract. Since most inverters installed 
today also include KWH metering, customers can easily 
verify system performance. And since customers today 
are installing PV systems primarily to reduce high utility 
bills, these customers are very performance oriented. 
They expect to get what they pay for. 

In no way am I suggesting that the industry can be 
complacent or ignore installed system quality and 
performance. Responsible parties in the industry must 
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support certification and training programs so that 
competent PV designers and installers are available. 
Independent agencies must test components and 
system performance. It is no longer acceptable to rely 
on manufacturers' data alone, data that is too often 
massaged by corporate marketing departments. 

Those who publicly impugn installed system quality as a 
tactic to forward a favored incentive model may not be 
serving themselves or the industry well. Installed system 
performance is a function of good hardware, good 
design, and good installation. It does not depend on a 
particular incentive model. 

The California buydown program is working very well. 
Providing a rebate to the customer makes the PV 
system immediately more affordable. The customer then 
continues to benefit by lowered utility bills. The PV 
system provider benefits from significantly increased 
sales, which results in increased volume for 
manufacturers. This program has created a dynamic 
economic engine for the PV industry. Why try to fix 
something that isn't broken? Especially when the 
rationale for the fix is based on the erroneous fiction of 
"poor system performance." 



Inverters of the Future 

Today when we say inverter, we think of a box, usually 
wall mounted, that has PV modules connected to it. 
Discrete inverters used for photovoltaic systems have 
led the way in inverter technology due to the global 
surge in the market for renewable energy. An inverter's 
basic function is to change electrical energy from one 
form to another. As a power conversion technology, 
inverters are already being used in many other 
applications, such as motor speed controls, pumps, fuel 
cells, and even engine generators and microwave 
ovens. In these applications, the inverter may not be 
visible or even recognized. These inverters are 
"embedded" in a variety of devices. 

Along with the anticipated proliferation of discrete 
inverters, we can expect a growing number of embedded 
applications. The pattern of development is analogous to 
computers. Inside every computer is a microprocessor, 
itself a computer on a chip. Not only is there a computer 
in your computer, there is a computer in your phone, car, 
TV, VCR, stereo, and the list goes on. The growing 
market for renewable and distributed energy, coupled 
with the need for energy efficiency, will push for a new 
generation of inverters, discrete and embedded. They will 
be based on the development of an "inverter on a chip," 
and we can expect them to be everywhere. 

The nature of this next generation inverter and how it 
may be developed is the topic of a recently released 
white paper published by Sandia National Laboratories. 



Titled "Status and Needs of Power Electronics for 
Photovoltaic Inverters: Summary Document," it begins, 
"Photovoltaic inverters are the most mature of any DER 
(distributed energy resource) inverter, and their mean 
time to first failure (MTFF) is about five years. This is an 
unacceptable MTFF, and will inhibit the rapid expansion 
of PV." The authors assert that the industry must move 
to a new level, a quantum jump if you will, and achieve 
reliability or MTFF of ten years. This cannot be achieved 
by continued incremental improvements of current 
design and practices. 

Today's inverter designs have evolved from the basic 
"chopper" or switch design along two pathways. One is 
smarter switching control and logic, and the other is 
improved switching components. Future designs, 
Sandia reports, will use digital signal processing (DSP). 
A DSP chip translates signal information into 
mathematical values. It digitizes the waveform. Once 
digitized, the waveform can be processed, evaluated, 
and modified in very short time periods, since the DSP 
chips are fast. 

By being able to gather and feed information back in 
real time, the output signal can respond quickly to a 
wide range of situations. These include changes in load, 
changes in input waveform, and internal inverter 
changes (temperature and component aging, for 
examples). Improved control responsiveness will 
improve reliability. 

From a manufacturing perspective, a single DSP chip 
could serve a wide range of inverter applications. 
Manufacturers could choose, with software, which DSP 
features to implement. By having a single universal 
"inverter on a chip," volume production should reduce 
cost while significantly improving reliability. 

The second pathway for improving inverter reliability 
while lowering cost discussed in the Sandia report is 
improvement in the output devices themselves. These 
are the electronic components that handle the power. 
Think of the DSP chip as the brains, and the output 
module as the muscles. With the growing inverter 
market, we can expect to see tailor-made output 
devices for this application. Made-to-order power 
electronics, designed with software, can provide the 
next generation of power modules with the reliability 
required for distributed energy applications. 

A third area needing standardization is the software that 
will control the inverters. Sandia suggests that developing 
a set of software modules, tailored to address the 
features of the DSP chip, would eliminate the need to 
write software for individual inverters. Again, the 
manufacturing cost will be lowered and reliability 
increased. 



Home Power #90 • August / September 2002 



Independent Power Providers 



Lower cost, higher reliability inverters are certainly 
desirable goals. Sandia thinks the time has come for an 
initiative like the one above because of the growth in the 
residential PV market. Now, if we can only survive the 
growing pains (see IPP88) while it takes place. 

Change Is the Norm 

The recent purchase of Siemens Solar by Shell 
Renewables continues the trend toward ever larger 
corporate players in RE. Among the large corporate 
players, there seems to be a differentiation into two 
camps. On the one hand, we have the large traditional 
energy companies like BP Solar and Shell Renewables. 
In the other camp, we have companies like Kyocera, 
Schott, and Sharp. 

This latter group is not traditionally associated with 
energy. Sharp is an electronics company and very large 
manufacturer of PV modules in Japan. Kyocera has a 
background in specialty ceramics and high tech 
electronics, and manufactures modules as well. Schott 
is focused in specialty glass products, and can't be too 
far from involvement in module manufacturing. There 
are also independent PV manufacturers like AstroPower 
and ASE. I take some comfort in the diversity offered by 
these nontraditional energy companies, hoping that they 
will provide competition and balance. 

While large corporations now dominate the 
manufacturing side of RE, the delivery end is still 
dependent on the skills of the installers and designers 
of systems. Even when large manufacturers offer 
complete systems (I'm not referring to the lame kits 
currently marketed, but rather engineered systems 
based on inverters and modules manufactured by the 
same company that are intended to be used together), 
there will continue to be a need for trained installers. 

As we look forward to a very bright and dynamic future, 
those of us who are established need to ask ourselves 
what we can do to facilitate this transition. Certainly one 
primary action is to grow our own companies. In the 
process, we are training workers who, like most of us, 
are learning on the job. I do foresee a time when other 
avenues of entry into the field will be required. Training 
and certification for installers and designers will 
eventually be part of this industry. And there is, 
understandably, contention around the need for and 
character of any such program. 

A recent NABCEP survey, seeking input from a wide 
range of industry players including manufacturers and 
installers, provided some interesting results. It was 
anticipated that installers — for the most part 
independent, small companies — would have the 
greatest resistance to certification. It turned out that this 



group was the most responsive, and provided many 
constructive comments. 

A big surprise came when a major solar trade 
organization in this country, initially unresponsive, failed 
to endorse the concept. Behind their lack of 
engagement, I found out later, was the fact that major 
module manufacturers did not support this initiative. It 
would be unwise to name these companies at this time, 
since NABCEP is seeking support from all sectors, and 
is actively seeking constructive input. I am sure there 
will be continued work and discussion concerning 
certification. 

Access 

Don Loweburg, Independent Power Providers (IPP), PO 
Box 231 , North Fork, CA 93643 
559-877-7080 • Fax: 559-877-2980 
don.loweburg@homepower.com • www.i2p.org 

Status and Needs of Power Electronics for Photovoltaic 
Inverters: Summary Document (SAND2002-1085), U.S. 
Department of Commerce, National Technical 
Information Service, 5285 Port Royal Rd., Springfield, 
VA 22161 • 800-553-6847 • Fax: 703-605-6900 
orders@mtis.fedworld.gov • www.ntis.gov 

The North American Board of Certified Energy 
Practitioners (NABCEP), PO Box 260095, Highlands 
Ranch, CO 80163 • Phone/Fax: 720-344-0341 
wparker@ispq.org • www.nabcep.org 
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Adopt a Library! 

When Karen and I were living with kerosene lamps, we went to our local 
public library to find out if there was a better way to light up our nights. 
We found nothing about small scale renewable energy. 

One of the first things we did when we started publishing this magazine 
thirteen years ago was to give a subscription to our local public library. 

You may want to do the same for your local public library.We'll split the 
cost (50/50) of the sub with you if you do.You pay $1 1.25 and Home 
Power will pay the rest. If your public library is outside of the USA, then 
we'll split the sub to your location so call for rates. 

Please check with your public library before sending them a sub. Some 
rural libraries may not have space, so check with your librarian before 
adopting your local public library. Sorry, but libraries which restrict access 
are not eligible for this Adopt a Library deal — the library must give free 
public access. — Richard Perez 
To Adopt a Library write or call 

Home Power® 

PO Box 520, Ashland, OR 97520 USA 
I -800-707-6585 or 541-51 2-020 1 or FAX 54 1-5 1 2-0343 
hp@homepower.com • www.homepower.com 
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Grid Connection 
Details — 




Grounding, 
Backfed Breakers, 
& PV Disconnect 

John Wiles 

Sponsored by the Photovoltaic Systems Assistance Center, 
Sandia National Laboratories 

In Code Corner for HP89, 1 discussed 
some general requirements for 
connecting a PV system to the grid. 
This time, I'll go a little deeper into the 
grounding and intertie requirements by 
applying some of the material covered 
in previous columns to a utility- 
interactive system. 

Grounding for a utility-interactive PV system starts at 
the modules and ends at the ground rods, with all of the 
balance-of-systems equipment in between. The NEC 
requirements for grounding are some of the most 
complex and confusing requirements in the code. 

Equipment Grounding 

The instruction manual for a PV module will tell where 
and how the module frame must be grounded. 
Hardware is usually supplied to connect a bare copper 
conductor to the module frame at a designated location. 
Usually the hardware consists of a stainless steel, self- 
tapping screw and a stainless steel washer. 

The screw is used in a marked hole in the module frame 
to cut threads into the aluminum frame. The tight 
threads are needed to penetrate the normal oxidation or 
intentional anodizing on the surface of the aluminum, 
which can be a partial insulator. The washer is used to 
isolate the copper wire from the aluminum surface to 
minimize galvanic corrosion. Just bolting the module 
frame to a grounded rack does not meet the code 
requirements for a good, long lasting, electrical 
connection for grounding. The tough aluminum 
anodizing or oxide film makes it difficult to achieve or 
maintain a durable, electrically conductive, bolted 
connection. 



The equipment-grounding conductor for a PV module 
must be about the same size as the circuit conductors 
for the module (NEC 690.45). The actual ampacity of 
the equipment-grounding conductor must be 125 
percent of the short-circuit current (Isc) of the module. If 
the system has a PV ground-fault protection device 
(NEC 690.5), either built into the inverter or as an 
external unit, the equipment-grounding conductor may 
be sized according to NEC Section 250.122 — see the 
table. 

If there is any possibility of physical damage, the 
equipment-grounding conductor should be increased to 
a #6 (13 mm 2 ) conductor, and possibly be provided with 
some sort of mechanical protection (250.1 20[C]). These 
requirements generally indicate that a #10 (5 mm 2 ) 
conductor would be suitable for most installations if 
protected from physical damage. The equipment- 
grounding conductor should be run with and in near 
proximity to the circuit conductors (if in free air) or in the 
same conduit with the circuit conductors. 

If the system design uses a source circuit combiner box 
near the modules (rather than a combiner circuit in the 
inverter), the equipment-grounding conductor from that 
box to the inverter will have to be increased in size 
based on the short-circuit current of the combined PV 
output circuit. Again, the 125 percent Isc rule applies if 
no ground-fault device is used, and NEC 250.122 is 
used if an NEC 690.5 ground-fault device is in the 
system. 

If long distances are involved between the PV array and 
the inverter and the conductors have been increased in 
size to minimize voltage drop, the equipment-grounding 
conductors must also be increased in size 
proportionately. However, they never have to be larger 
than the size of the circuit conductors. 

If you have distances sufficient to require oversizing the 
current carrying conductors due to high resistances, the 
equipment-grounding conductors will also have high 
resistances. They must be oversized to lower the 
resistance in a fault circuit. In most cases, it is backfed 
currents from the battery, line-tie inverter, or from 
parallel strings that make up the high available fault 
currents that trip the overcurrent devices. 

Equipment grounding of other circuits (AC and DC) 
should follow NEC 250.122, which requires the 
equipment-grounding conductor to be based on the 
rating of the overcurrent device protecting that circuit. 
The table shows some typical values for copper 
conductors. The larger sizes would be associated with 
utility-interactive systems that have battery backup 
supplies with battery cases that must be grounded. 
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Equipment-Grounding Conductor Size 



Lsvercurreni u&vice 


uonQucior 


Size (Amps) 


Size (AWG) 


15 


14 


20 


12 


30 


10 


40 


10 


60 


10 


100 


8 


200 


6 


300 


4 


400 


3 


500 


2 



System Grounding 

Normally, AC and DC system grounding is handled 
inside the utility-interactive inverter. This is particularly 
true of inverters that include the NEC 690.5 ground-fault 
protection device. These inverters often provide 
grounding lugs or points for connecting external 
grounding conductors. In most cases, these grounding 
connection points are equipment-grounding points (tied 
to the chassis) that also serve as system grounding 
points for connection of the grounding electrode 
conductor to the grounding electrode (usually a ground 
rod). 

In an installation where there is an existing AC load 
center and utility service entrance, this grounding point 
in the inverter can be connected to the grounding bus 
bar in the existing AC load center. The grounding bus 
bar in the AC load center is usually where the grounding 
electrode conductor is attached. For want of a better 
name, I would call this conductor a ground-bonding 
conductor. It should be sized as the larger of the 
conductors specified by NEC 250.106 (usually #6; 13 
mm 2 ), or the largest equipment-grounding conductor in 
the system. 

The actual name and size of this conductor is not 
specifically called out in the code. Since it may have to 
carry fault currents, as well as serve as a portion of the 
DC grounding electrode conductor, the size specified 
above should meet all code requirements. This bonding 
conductor should be routed in close proximity to the AC 
circuit conductors from the inverter to the AC load 
center. 

It would also be possible to run a grounding electrode 
conductor from the grounding point in the inverter to a 
separate ground rod, and this ground rod should be 
bonded to any existing AC ground rod. If this approach 
is taken, an AC equipment-grounding conductor should 
still be run between the inverter and the AC load center, 
and sized per NEC 250.122. 



Backfed Breakers 

The National Fire Protection Association (NFPA) has 
issued an informal opinion (just as good as a formal 
one, but you get it quicker and not in writing) that the 
backfed circuit breakers used to connect a utility- 
interactive inverter to the load center must be clamped. 

"Clamped" means that the individual circuit breaker 
must be attached to the load center back plane with a 
screw or other device specifically made for the purpose 
of preventing the breaker from being inadvertently 
pulled loose from the bus bars of the load center. The 
screw or other device is supplied by the manufacturer of 
the load center. Many load centers have no provisions 
for clamping, and therefore are not suitable for 
backfeed ing. 

NEC 690.64(B)(5) requires that such breakers be 
"identified" for backfeeding. According to Underwriters 
Laboratories (UL), an identified breaker is one that does 
not have terminals marked "line" and "load." The 
clamping requirement comes from NEC 408.16(F) in 
Chapter 4 of the code, one of the general chapters. A 
proposal to modify Article 690 will be submitted for 
changes to the 2005 NEC. But until then, the Chapter 4 
requirement is the governing requirement, since nothing 
in Article 690 overrides it or even conflicts with it. 

Most inspectors will accept the following reasons for not 
clamping a breaker being backfed from a utility- 
interactive inverter: 

• The plug-in breaker will immediately become de- 
energized (dead) when the breaker is accidentally 
unplugged from the load center because of the anti- 
islanding circuits built into the listed inverter under UL 
Standard 1741. 

• The front panel on most load centers actually clamps 
all circuit breakers to the bus bars, and this panel 
cannot be removed without a tool. 

• Access to the inside of any load center connected to a 
utility feeder allows an unqualified person to easily 
come into contact with any exposed bus bar and the 
main feeder wires. 

Here are several solutions if the inspector requires that 
the backfed breaker be clamped: 

• Determine whether the existing load center has a kit 
that can be used to clamp breakers into position, and 
use that kit. 

• Install a second service panel disconnect that 
bypasses the existing load center, as described in 
HP89. This service panel can be purchased from a 
number of vendors, and has only a single breaker that 
is bolted in place. 
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• Install a fused disconnect as the second service panel 
disconnect. 

• Install a new load center that does have a breaker that 
can be clamped. 

In the second and third options above, the second 
service panel or fused disconnect will have to be 
marked as being suitable for use as "service entrance 
equipment." After the utility power has been turned off 
(usually by the utility), the second service panel or fused 
disconnect will have to be connected in parallel with the 
existing lines between the meter and the original service 
panel. 

PV Disconnect Location 

A new requirement in Article 690 of the 2002 code, 
NEC Section 690.14(C)(1), is that the PV disconnect 
must be at the point where the conductors from the PV 
array first enter the building, or immediately inside the 
building at that point. Furthermore, the disconnect must 
be in a readily accessible location. Bathrooms are 
excluded as a possible location. 

These requirements are really not new, and are very 
similar to the requirements for an AC utility service 
disconnect as described in NEC Article 230. Generally it 
means that it will no longer be possible to penetrate an 
attic and run cables through the house to a disconnect 
located inside the house near the inverter. Normally, the 
conductors from a roof-mounted PV array must be run 
down the outside of the building to a readily accessible 
(no ladders, locked doors, or limited access) location 
where the PV disconnect is to be mounted. 

If the utility-interactive inverter is mounted outside on 
the wall and has the PV disconnect built in, that is 
acceptable. Mounting the inverter and built-in 
disconnect immediately inside the building at the point 
of penetration should also be acceptable. Installations 
requiring a remote location for the inverter could use a 
circuit breaker or fused disconnect on the outside of the 
building, and then have the inverter placed wherever 
required. There may be a requirement for a second PV 
disconnect near the inverter if a disconnect is not built 
into the unit. 

For those inverters having multiple source circuit 
combiner functions, the source circuits may need to be 
combined in an external combiner box. Then the 
combined output is run through the readily accessible 
disconnect switch (one pole), and the PV output circuit 
is connected to the remotely located inverter. If this is 
not done, there is a requirement to have a multiple pole 
disconnect switch — one for each source circuit — 
mounted in a readily accessible location. 



Proposals for the 2005 NEC 

Proposals for the 2005 National Electrical Code are due 
by Friday November 1, 2002. The clock is running. The 
PV industry will be collaborating through the Industry 
Forum to write and substantiate a number of well- 
justified proposals in the next few months. 

In the past, these proposals from the PV industry have 
had the highest adoption rate of any proposals 
submitted by a single group. Wrenches are encouraged 
to participate. E-mail your proposals to me with your 
substantiations as soon as possible. We will get them 
into the proper format, and circulate them throughout 
the industry via e-mail for comment. Normally we have 
our proposals reviewed by UL and others on the Code 
Making Panel to ensure that we get the votes needed to 
pass. Of course, you can always submit directly to 
NFPA — see the form in the back of the NEC. 

Even if you don't want to submit a proposal, but do want 
to participate in the review process before submittal, 
send me your name, phone number, and e-mail 
address, and we will put you on the list. 

Questions or Comments? If you have questions about 
the NEC, or the implementation of PV systems that 
follow the requirements of the A/EC, feel free to call, fax, 
e-mail, or write. Sandia National Laboratories sponsors 
my activities in this area as a support function to the PV 
industry. This work is supported by the United States 
Department of Energy under Contract DE-FC04- 
00AL66794. Sandia is a multiprogram laboratory 
operated by Sandia Corporation, a Lockheed Martin 
Company, for the United States Department of Energy. 

Access 

John C. Wiles • Southwest Technology Development 
Institute, New Mexico State University, Box 30,001 /MSC 
3 SOLAR, Las Cruces, NM 88003 
505-646-6105 • Fax: 505-646-3841 • jwiles@nmsu.edu 
www. nmsu.edu/~td i/pv. htm 

Sponsor: Sandia National Laboratories, Ward Bower, 
Department 6218, MS 0753, Albuquerque, NM 87185 
505-844-5206 • Fax: 505-844-6541 
wibower@sandia.gov • www.sandia.gov/pv 

The 2002 NEC and the NEC Handbook are available 
from the National Fire Protection Association (NFPA), 
1 1 Tracy Drive, Avon, MA 02322 
800-344-3555 or 508-895-8300 • Fax: 800-593-6372 or 
508-895-8301 • custserv@nfpa.org • www.nfpa.org 
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BZ Products Model MPPT 200 


200 Watt, 16 Amp 


MAXIMUM POWER POINT TRACKING CHARGE CONTROLLER 


• Boost charge current up to 30% 
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• 16 amps output current 
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• 10 amp low voltage disconnect 
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• Available world wide 




• Patent pending 
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The Monolithic ™ Dome 

A super-strong, insulated, steel-reinforced 
concrete building that is energy efficient and 
disaster resistant. Used for homes, schools, 
churches, offices, stadiums, storages, 
cabins, and more. Built throughout the 
U.S. and in many other countries, 
for over 25 years, the Monolithic 
Dome is tomorrow's building 
available today. 

www.monolithic.com 



Free Brochure (800) 608-0001 
Dome Living Book with 119 Plans $24.95 
Information Video VHS (60 min) $19.95 
Add $5 s/h for the book and/or video 
177 Dome Park PI #HR Italy TX 76651 
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Home & Heart 




Kathleen Jarschke-Schultze 

©2002 Kathleen Jarschke-Schultze 

As a teenager and young adult, I 
listened to a lot of radio. I had 
never talked on a radio though. I 
had a friend who was really into citizens 
band radio, but I thought that was kind 
of weird. I never realized then that 
radios would play a big part in my life. 

First Contact 

Bob-0 and I met and courted through the mail. (That's a 
whole 'nother story.) He told me he was a ham radio 
operator. I vaguely knew what that was. After we had 
exchanged letters for a while, he suggested that I could 
actually talk to him at Starveout (the extremely remote 
cabin where he lived) by ham radio. He told me the 
name and address of a ham in Napa, where I lived. If I 
would go to this ham's house between 6 and 7 PM, he 
could connect me with Bob-0 over a 75-meter net group 
called Western Public Service System. 

I went there, and that was the first time I spoke to 
Bob-O. It seemed awkward since you needed to say 
"Over" at the end of each transmission. The 
conversation went something like: 

"Can you hear me? Over." 

"Yes, I can hear you fine. Over." 

"This is pretty cool, huh? Over." 

"I'm so glad to be able to talk to you. Over." 

Well, you get the picture. It was not a long conversation, 
but a momentous one. 

Hamming It Up 

Soon after joining Bob-0 at Starveout, I started studying 
for my ham license. I was already using the 11 -meter 
CB radio when I was out driving on the river road, and 
from the cabin whenever I needed it. I had become very 
comfortable talking over a keyed microphone. The first 
ham license back then was called a Novice ticket. I had 



to learn Morse code at five words per minute and be 
tested on that. I did, I was, I passed, and received my 
call letters from the Federal Communications 
Commission (FCC). I became KB6MPI. 

For our honeymoon, we went to a Hamfest in Seaside, 
Oregon. While there, on the spur of the moment, I took 
the test for the next grade ham license, Technician. I 
missed it by three questions. We went home, and I 
studied some more. Bob-0 made up a song so I could 
remember the frequencies each ham license allows you 
to use. He had me do the math and build a Yagi 
antenna. I took the test again. Again I didn't make the 
grade. I studied even more. I made sleep tapes for 
myself that I listened to awake and asleep. 

I drove out to the coast, three-and-a-half hours away, 
which was the closest place to be tested. There in the 
basement of the sheriff's office, I took the Technician's 
test for the third time. This time I passed it. I had a 
license to use 2-meter radio. Although I could have 
received new call letters at that time, I chose to remain 
KB6MPI. 

KJS Phone Home 

Several years after I moved to the river, Bob-0 set up a 
2-meter phone/radio for us at Starveout. We had a base 
unit hardlined to a phone connection at a friend's house 
a couple miles from Forks of Salmon. We put up an 
antenna there also. With 2-meter radios in each of our 
rigs and the cabin, we could access the phone from 
wherever the antenna signals could reach. 

After the system was first set up, whenever the phone 
rang at our house, it would also ring at Glady's house. 
Glady was the Forks postmaster and had held that 
position since the year I was born, 1953. You could say 
that by being postmaster at the tiny Forks post office, 
she had a hand in Bob-O's and my courtship. 

Bob-0 called the local phone company and got ahold of 
a knowledgeable, friendly technician. When they had 
discussed it thoroughly and Bob-0 had tried all the 
things the tech recommended, the problem still 
persisted. Finally, weeks later, the guy says, "You know, 
once when I was working on a very rural phone system 
in Mexico, we ran into a problem like this because the 
phone system was set to ten pulses per second instead 
of the normal twenty." That indeed turned out to be the 
case, and the problem was solved. 

We had to get microphones that had numerical, 
touchtone keypads on the back for each 2-meter radio. 
To get a dial tone or answer a phone call, we would 
have to hit the star button and then the two button. This 
would open the line. After a call, to close the line, we 
would again press the star button, then the two button. 
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Since our side of the phone had a handheld 
microphone, like a CB radio, only one side of the 
conversation could be spoken at a time. In other words, 
both of you could not talk at once. 

My mother, fueled by her desire to talk to me on a 
regular basis, grasped this concept quickly, and became 
quite adept at it. She also became experienced at 
dealing with skeptical phone operators. I believe she 
came to relish it. 

To call into the Salmon River region from the outside 
world, you had to follow a certain procedure. First, you 
needed to convince the usually disbelieving phone 
operator that they could, and, indeed, had to connect 
you to "the Fort Jones operator." It was best to just give 
that operator the whole sequence of dialing marks and 
routing numbers. It would take a while for them to realize 
that you weren't joking. Eventually, they would believe 
that there was such a person, and finally connect you. 
But operators would sometimes hang up on what they 
thought were prank calls. 

From here, the process speeded up. The Fort Jones 
operator was used to the rural phone system and knew 
what to do. You would give her the special dialing marks 
and routing numbers, too. For Forks of Salmon, they 
were 888192916063181, then our number, toll station 
4740. As you might guess from the degree of difficulty, 
Mom was my only regular caller. 

Emergency Phone 

Because we had the only phone for miles in any 
direction, our phone became the emergency contact 
phone for the community members around us. 
Sometimes the message was brief and easy to relay. 
After a short phone conversation, the radio message 
would go out. 

"Indian Creek, Indian Creek, this is Starveout for relay." 

"I'm here, Starveout, let's go up." 

After moving off channel 18, the road channel, to 
channel 23, the talk channel, the conversation would 
continue. 

"Indian Creek, you here yet?" 
"I'm here, what's up?" 

"Good news, Sarah! Your sister had twins, a boy and a 
girl. Everyone is excited and doing fine. Call when you 
can, Auntie." 

"Thanks, Kathleen. I'm going to tell Rex. Indian Creek 
out." 

"Starveout out." 



Sometimes the relays were distressing and more 
complicated. A family member would call us seeking 
their relative, having been given our number in case of 
an emergency. I would have to explain how the 
phone/radio conversation worked. I would sit with a 
microphone in each hand — one for the phone/radio and 
one for the CB. After contacting the river person, I would 
tell the phone person to go ahead. Whatever they told 
me, I would repeat directly into the CB mike. I became 
like a translator, just repeating what was told to me by 
each party, trying to be an invisible part of the 
conversation. 

I remember one particularly desperate call, late one 
night. To this day if the phone rings in the middle of the 
night, I think it's bad news. Fran's sister called from New 
York. I put out the late night call on the CB. 

"Main House, Main House, wake up! This is Starveout 
with an urgent relay. Main House, Main House, wake up, 
Main House! This is Starveout with an urgent relay." 

Someone at Main House answered and woke Fran up. 
As soon as she was on frequency, I told her sister to go 
ahead. 

"Fran, something terrible has happened. Swifty's been in 
a car accident, and he's hurt pretty bad." 

Swifty was Fran's husband. I repeated it into the other 
mike. There was a pause, then: 

"Where is he? Is he going to live?" 

Key and repeat. 

"He's in the hospital here. We don't know yet. He has a 
lot of injuries. His chest. His leg." 

Key and repeat. 

"I'm coming out there. I'll leave tomorrow." 
Key and repeat. 

"Mom bought you a ticket and it's waiting at the airport 
for you. I'll see you soon. I love you, take care." 

Key and repeat. 

"I love you too. I'll be there as soon as I can. Good-bye." 
Key and repeat. 
"Hurry. Good-bye." 

Key and repeat. Hang up phone radio. 

From Fran, "Thanks, Kathleen." 

"I'm so sorry, Fran. I hope he's going to be okay. Good 
night. Starveout, out." 

"Main House, out." 
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Several months later and still limping, Swifty returned to 
the river. 



It was after this that I realized people's lives were 
passing through my hands. Births, deaths, 
anniversaries, graduations, and tidings glad and 
tragic — I relayed them all. It was a unique experience. I 
didn't know then that my time in the radio shack at 
Starveout would become even more dramatic and filled 
with adventures, unlike any I had lived through before. 
Next time I'll tell you about the forest fires of 1987. 

Access 

Kathleen Jarschke-Schultze is raising chicks in her 
home in Northernmost California, c/o Home Power 
magazine, PO Box 520, Ashland, OR 97520 
kathleen.jarschke-schultze@homepower.com 

American Radio Relay League, Inc. 

225 Main St., Newington, CT, 061 1 1 • 860-594-0200 

Fax: 860-594-0259 • hq@arrl.org • www.arrl.org 

Technician Class by Gordon West, US$1 1 .95, plus 
$4.95 S & H from Universal Radio, Inc., 6830 
Americana Pkwy., Reynoldsburg, OH 43068 
800-431-3939 or 614-866-4267 • Fax: 614-866-2339 
dx@universal-radio.com • www.universal-radio.com 



WE WROTE THE BOOK 
ON ELECTRIC CAR 
CONVERSIONS 

CONVERT IT How-To Manual 

by Michael Brown with Shari Prange 

Expanded & Updated 3rd Edition 
$30.00 tax & postage included 

"We built Mr. Brown's car, and we won." 

Bruce Burk,St. Johnsbury Academy, 

1991 American Tour de Sol Open Class Winner. 



ELECTRO AUTOMOTIVE 

POB 1113-HP, FELTON, CA 95018 




www.electroauto.com 
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Get A Job! 

Home Power is proud to 
offer a new feature on our 
Web site called "Get a Job!" 

Home Power encourages 
businesses to post their 
renewable energy related 
jobs on our Web site at no 
charge. 

If you want to work in the 
RE industry, you can search 
the listings for your dream 
job. 

Make your work 
part of the solution! 

www.homepower.com 
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We make the best LINEAR CURRENT BOOSTERS 
for solar water pumping! 

These rugged, reliable and reasonably priced boosters 
keep your pump running even in low sunlight conditions. 




Model: PPT 12/24 -7V 

• Fused Output and Float Switch Control 

• Voltage limited - some models current limited 

• Wide selection of sizes from 3 - 30 amps, 6 - 90 Volts 

New Products 

• Battery Desulphator, single unit 12 to 48 V 
nominal systems with adjustable pulse strength 

• Universal Generator Starter with temperature 
compensation, available for AC and DC Gensets 

• Additional Models of Power Tracker™ 
Charge Controllers with MPPT ranging from 
3 - 60 amps and 1 .5 V - 90 Volts 

Please visit our Website for details and dealers 

SOLAR CONVERTERS INC. 

CM 99 Victoria Road South, Guelph, Ontario N1E 6T9 Canada 
Phone: 519-824-5272 Fax: 519-823-0325 
E-mail: info@solarconverters.com Web: www.solarconverters.com 




\ ABS Alaskan, Inc. 
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Remote Power Products 



► Solar Panels 

► Wind Turbines 

► Micro Hydro 

► Genera tors 

► DC Lighting 



► Inverters 

► Controls 

► Meters 

► Batteries 

► Accessories 
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RENEWABLE ENERGY 
DESIGN, SALES, ^ 



AND COMPLETE 
INSTALLATION 



Complete Service: We do solar, wind, solar hot water, 
radiant floor systems, and stand alone well pump systems. 
Site survey, load analysis for both heating and PV-wind systems. 
Quality and competitive prices and service long after the sale. 
Serving New Mexico & Southern Arizona. 
www.positiveresources.net • 505-430-7705 
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Do We Make DC Power 
Systems? 



DC Standard Dimmer 
DC 2-Wire Dimmer 
DC Motor Speed Control 
DC Fan Speed Control 
DC Linear Power Supply 
DC Voltage Reducer 
DC Voltage Doubler 
DC Delayed OFF Switch 



c®us 



ZANE 

DC Power Systems Since 1990 

510 Fruitvale Court #B, Grand Junction, CO 81504 (970) 523-5170 
Fax: (970) 523-5170 Made in USA www.zaneinc.com 




ft HYDRO CO/L 




Get yourself into 
Hot Water 



Stainless Steel Water Heaters 

More than 30% of your wood heat is lost up your chimney. 
Hydro-Coil can show you how to convert your wood stove 
into a water heater, saving you money and energy. 

www. hyd ro-co il.com 
(530) 272-5096 
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Send your event info to happs@homepower.com 



ENERGY FAIRS 

See: www.homepower.com 

INTERNATIONAL 

Free instructions, photos, drawings, & specs to 
build solar cookers & water systems with local 
materials, purchased with local currency. 
Sunstove • www.sungravity.com 

Green Empowerment finances microhydro & 
other RE projects in Nicaragua, the Philippines, 
& Borneo. Volunteers needed. 
www.greenempowerment.org 

Solar On-Line (S6L) Internet courses. Year- 
round. PV Technology & Opportunities: A 
Qualitative Overview; PV Systems Design: Basic 
Course; PV Systems Design: Professional 
Course; PV System Installation: Hands-On! Solar 
Homes; Healthy Buildings; & Solar Energy for 
International Development. S6L, PO Box 217, 
Carbondale, CO 81623 • Phone/Fax: 
720-489-3798 • info@solenergy.org 
www.solenergy.org 

CANADA 

Alberta Sustainable House; open house 3rd & 
4th Saturdays, 1-4 pm. Cold-climate features & 
products for health, environment, conservation, 
RE, recycling, efficiency, self-sufficiency, 
appropriate technology, autonomous & 
sustainable housing. Free. 921 1 Scurfield Dr. NW, 
Calgary, ABT3L 1V9 Canada • 403-239-1882 
Fax: 403-547-2671 • jdo@ucalgary.ca 

Vancouver Electric Vehicle Association. Call for 
meeting info. PO Box 3456, 349 West Georgia, 
Vancouver, BC V6B 3Y4 Canada • 604-878-9500 
info@veva.bc.ca • www.veva.bc.ca 

UNITED KINGDOM 

Oct. 22-24, '02. Sustainable Energy Expo 2002 
& Energy Efficiency Expo. Conference & 
exhibition, www.sustainable-expo.org 

Solar grants up to 40-65% of installed cost. Info: 
Energy Saving Trust, www.est.org.uk 

NATIONAL U.S. 

Pollution prevention videos. Appalachia: Science 
in the Public Interest offers 42 videos, incl. Solar 
Dry Composting Toilets, Solar Hot Water 
Systems, PV, Solar Space Heating, Solar- 
Powered Automobiles, Quilted Insulated Window 
Shades, & more. US$25 + S&H, broadcast- 
quality tapes available. ASPI Publications, 50 Lair 
St., Mt. Vernon, KY 40456 • 606-256-0077 • Fax: 
606-256-2779 • aspi@kih.net • www.kih.net/aspi 

American Wind Energy Association. Info about 
U.S. wind industry, membership, small turbine 
use, & more, www.awea.org 

State incentives for RE: reports. North Carolina 
Solar Center, Box 7401 NCSU, Raleigh, NC 
27695 • 919-515-3480 • Fax: 919-515-5778 
www.dsireusa.com 

Energy Efficiency & Renewable Energy 
Clearinghouse (EREC): Insulation Basics 
(FS142), New Earth-Sheltered Houses (FS120), 



PV: Basic Design Principles & Components 
(FS231), Cooling Your Home Naturally (FS186), 
Automatic & Programmable Thermostats 
(FS21 5), & Small Wind Energy Systems for the 
Homeowner (FS135). EREC, PO Box 3048, 
Merrifield, VA 221 1 6 • 800-363-3732 • TTY: 
800-273-2957 • energyinfo@delphi.com 
www.eren.doe.gov 

Ask an Energy Expert: online questions to 
specialists. Energy Efficiency & Renewable 
Energy Network (EREN) • 800-363-3732 
www.eren.doe.gov 

Green Power Web site: deregulation, green 
electricity, technology, marketing, standards, 
environmental claims, & national & state policies. 
Global Environmental Options & CREST 
www.green-power.com 

National Wind Technology Center. Assists wind 
turbine designers & manufacturers with 
development & fine tuning. Golden, CO 
303-384-6900 • Fax: 303-384-6901 

Sandia's Stand-Alone PV Systems Web site: 
design practices, PV safety, technical briefs, 
battery & inverter testing, www.sandia.gov/pv 

Federal Trade Commission free pamphlets: 
Buying an Energy-Smart Appliance, Energy 
Guide to Major Home Appliances, & Energy 
Guide to Home Heating & Cooling. Energy 
Guide, FTC, Rm 130, 6th St. & Pennsylvania 
Ave. NW, Washington, DC 20580 • 202-326-2222 
TTY: 202-326-2502 • www.ftc.gov 

Solar Curriculum for schools. 6 week science 
curriculum or individual sessions. Free! 30 
classroom presentations & demos using free or 
low-cost materials. Susan Schleith, Florida Solar 
Energy Center • 321 -638-1 01 7 
www.fsec.ucf.edu 

ALABAMA 

Centre, AL.The Self-Reliance Institute of NE 
Alabama seeks people interested in RE, earth- 
sheltered construction, & other self-reliant topics. 
SINA, 6585 Co. Rd. 22, Centre, AL 35960 

ARIZONA 

Aug. 7-9, '02; Technical Conference: Sustainable 
Development with Renewable Energy 
Resources, Northern Arizona Univ. Flagstaff, AZ. 
Info: see SWREF below. 

Aug. 9-1 1 , '02; SW RE Fair, Northern AZ Univ., 
Flagstaff, AZ. In conjunction with national 
conference (see above). 50 vendors, wkshps, 
keynote speakers, exhibits, demonstrations. Info: 
GFEC, 1300 S Milton Rd., #125, Flagstaff, AZ 
86001 • 800-595-7658 or 928-779-7658 • Fax: 
928-556-0940 • swref@gfec.org 
www.gfec/swref 

Tax credits for solar in AZ. Info: ARI SEIA 
602-258-3422 

Scottsdale, AZ. Living with the Sun; free lecture 
series, 3rd Wed. each month, 7-9 PM, City of 
Scottsdale Urban Design Studio. History & 



current concepts, design, applications, solar 
heating & cooling, architecture, landscaping, PV, 
& cooking. Info: Dan Aiello • 602-952-8192; or AZ 
Solar Center • www.azsolarcenter.org 

CALIFORNIA 

Aug. 17, '02; S. CA RE Expo; Fairplex, Pomona, 
CA, Exhibits, demonstrations, wkshps, dealers, & 
manufacturers. Info: Ray Boggs, Solatron 
Technologies, 19059 Valley Blvd., Suite 219, 
Bloomington CA 92316 • 888-647-6527 
www.socalenergyexpo.com 

August 24-25, '02; SolFest, Solar Living Center, 
Hopland, CA. RE, green building & sustainable 
lifestyles, 100+ exhibitors, 50+ wkshps, tours, 
food, entertainment, children's ocean mural. 
Solar Living Institute • 707-744-2017 
www.solarliving.org 

Sep. 20-22, '02; CA Energy Expo, San Diego 
Convention Center. RE technologies & energy 
conservation strategies. Info: Richard Brown, 
23672 San Vicente Rd. #363, Ramona, CA 
92065 • 760-653-4022 • rcb@mail2usa.com 
www.californiaenergyexpo.com 

Areata, CA. Campus Center for Appropriate 
Technology, Humboldt State Univ. Wkshps & 
presentations on alternative, renewable, & 
sustainable living. CCAT, HSU, Areata, CA 95521 
707-826-3551 • ccat@axe.humboldt.edu 
www.humboldt.edu/~ccat 

Rebates for PV & wind. CA Emerging 
Renewables Buydown Program, CA Energy 
Comm. • 800-555-7794 or 916-654-4058 
renewable@energy.ca.gov 
www.consumerenergycenter.org/buydown 

Energy Efficiency Building Standards for CA. CA 
Energy Comm. • 800-772-3300 
www.energy.ca.gov/title24 

Solar e-Clips, free weekly email newsletter. CA 
news & info solar energy. Email with "Subscribe" 
in subject to: 

solareclips-request@californiasolarcenter.org 
COLORADO 

Aug. 9-1 1 , '02; Women's Carpentry Wkshp; 
Carbondale, CO. For women with little or no 
experience in construction or carpentry. Hands- 
on projects to familiarize participants with tool 
use, final project to take home. US$300. Info: see 
SEI below. 

Sep. 8, '02; Rocky Mountain Sustainable Living 
Fair, Lincoln Center, Fort Collins, CO. Free, 50+ 
exhibitors, wkshps, demos, live jazz. Info: Christa 
Reed, Village Earth Consortium • 970-377-1392 
Fax: 970-377-0140 • Creed9196@cs.com 
www.SustainableLivingFair.org 

Sep. 3-24 '02; The SunEarth Camp, So. 
Colorado. Three 1 -week sessions, incl. passive 
solar, rammed earth, radiant floor, solar H 2 0, 
energy conservation, solar greenhouse, organic 
gardening, adobe, strawbale, & AER block, PV. 
Camping, meals, scholarships. Info & costs: 
303-443-9015 • sun8@earthlink.net 

Sep. 9-13, '02; Loveland, CO. Biodiesel Fuel 
Wkshp. Fundamentals, making your own fuel & 
processor, & convert a diesel engine. US$500. 
Info: see SEI below. 
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Carbondale, CO. SEI hands-on wkshps. PV 
Design & Installation, Advanced PV, Wind Power, 
Micro hydro, Solar Cooking, Environmental 
Building Technologies, Solar Home Design, & 
Straw Bale Construction. Info: Solar Energy 
International (SEI), PO Box 715, Carbondale, CO 
81623 • 970-963-8855 • Fax: 970-963-8866 
sei@solarenergy.org • www.solarenergy.org 

IOWA 

Prairiewoods & Cedar Rapids, IA. Iowa RE 
Assoc. meets 2nd Sat. every month at 9 AM. All 
welcome. Call for schedule changes. IRENEW, 
PO Box 355, Muscatine, IA 52761 
563-288-2552 • irenew@irenew.org 
www.irenew.org 

KENTUCKY 

Livingston, KY. Appalachia: Science in the Public 
Interest. Projects & demos in gardening, solar, 
sustainable forestry, more. ASPI, Rt. 5, Box 423, 
Livingston, KY 40445 • Phone/Fax: 
606-453-2105 • aspi@kih.net • www.kih.net/aspi 

MASSACHUSETTS 

Greenfield Energy Park. Help preserve the 
historic past, using today's energy & ideas, & 
creating a sustainable future. Greenfield Energy 
Park, NESEA, 50 Miles St., Greenfield, MA 
01301 -413-774-6051 -Fax:413-774-6053 
nhazard@nesea.org • www.nesea.org 

MICHIGAN 

Intro to Solar, Wind, & Hydro. West Branch, Ml. 
First Fri. each month; System design & layout; on 
or off grid; for homes or cabins. Reservations. 
Contact 989-685-3527 • gotter@m33access.com 

MONTANA 

Whitehall, MT. Sage Mountain Center: one-day 
seminars & wkshps, inexpensive sustainable 
home building, straw bale constr., log furniture, 
cordwood constr., PV, more. SMC, 79 Sage 
Mountain Trail, Whitehall, MT 59759 
406-494-9875 • cborton@sagemountain.org 

NEW YORK 

RE Loan fund: low interest financing: NY Energy 
$mart Program, NY State Energy R&D Authority 
51 8-862-1 090 x 331 5 • Fax: 51 8-862-1 091 
rgw@nyserda.org • www.nyserda.org 

NORTH CAROLINA 

Aug. 23-25, '02; So. Energy & Environment 
Expo, Fletcher, NC. Exhibitors, wkshps, 
presentations, activities. RE, sustainable 
businesses, green economic development in the 
So. Mt. region. S.E.E. Expo 2002, P.O. Box 1562, 
Etowah, NC 28729 • 828-696-3877 
nedryandoyle@earthlink.net 

Sep. 9-13, '02; Celo, NC. PV & Installation 
Wkshp. PV system design, components, site 
analysis, system sizing, tours, & a hands-on 
installation. US$550. Info: see SEI in 
COLORADO listings. 

Saxapahaw, NC. How to Get Your Solar-Powered 
Home. Seminars 1st Sat. each month. Solar 
Village Institute, PO Box 14, Saxapahaw, NC 
27340 • 336-376-9530 • Fax: 336-376-1809 
solarvil@netpath.net 

OHIO 

Oct. 13, '02; Athens Area Sustainability Festival, 
Athens County Fairgrounds, Athens, OH. 



Recycling, solar & wind, watershed restoration, 
organic farming, alternative transportation, local 
artists, musicians, theater, food, educators. Info: 
740-448-1016 • isbalkits@hotmail.com 

OREGON 

Sept. 21 : All-day Solar Cookery Equinox 
Extravaganza, Seneca, OR. EORenew, PO Box 
485, Canyon City, OR 97820 • 541-575-3633 
info@solwest.org • www.solwest.org 

Oct. 5, '02; Umpqua Community College's 
Alternative Energy Fair, Roseburg, OR. Lectures, 
wkshps, exhibits, energy conservation, fuel cells, 
solar, hydro, wind, & hybrid cars. Fri. Oct. 4th: 
Dinner forum on RE. Fri. at noon: Energy 
conservation talk in the UCC campus center. 
Thurs. the 3rd: Tour of landfill energy projects. 
Info: 541-440-4601 • CEWork@umpqua.cc.or.us 

Nov. 2, '02; EORenew Annual Meeting; John Day, 
OR. See above for info. 

Feb. 21-23, '03. Successful Solar Businesses; 
Ashland, OR. All aspects of small RE business. 
Richard Perez, Bob-0 Schultze, & Bob Maynard. 
For details & info, see display ad in this issue. 

Cottage Grove, OR. Adv. Studies in Appropriate 
Tech., 8 weeks, 4 interns per quarter. Aprovecho 
Research Center, 80574 Haxelton Rd., Cottage 
Grove, OR 97424 • 541 -942-0302 
apro@efn.org • www.efn.org/~apro 

RHODE ISLAND 

Energy Co-op provides RE, energy efficiency & 
conservation services, & group purchases of 
EnergyStar products. Erich Stephens 
401-487-3320 • erich@sventures.com 

TENNESSEE 

Summertown, TN. Kids to the Country: nature 
study program for at-risk urban TN children. 
Sponsors & volunteers welcome. The Farm, 
Summertown, TN 38483 • 931-964-4391 • Fax: 
931-964-4394 • ktcfarm@usit.net 

TEXAS 

Sep. 20-22, '02; Texas RE Roundup, Green 
Living, & Sustainability Fair, Fredericksburg, TX. 
Info: TX Solar Energy Society & the TX 
Renewable Energy Industries Assoc. 
866-786-3247 • Roundup@txses.org 
www.RenewableEnergyRoundup.com 

Nov. 12-15, '02; UPEx'02— The PV Experience 
Conference & Exhibition. Austin, TX. With TX 
Renewables 2002 & USGBC's Green Building 
Conference & Exhibition. Info: Julia Judd, Solar 
Electric Power Assoc., 202-857-0898 
SolarElectricPower@ttcorp.com 
www.SolarElectricPower.org 

El Paso Solar Energy Association bilingual Web 
site. Info in Spanish on energy & energy saving. 
www.epsea.org/esp 

El Paso Solar Energy Association: meetings 1st 
Thur. each month. EPSEA, PO Box 26384, El 
Paso, TX 79926 • 915-772-7657 
epsea@txses.org • www.epsea.org 

Houston Renewable Energy Group: meets last 
Sun. of odd months atTSU Engineering Building, 
2 PM. HREG, PO Box 580469, Houston, TX 
77258 • jferrill@ev1 .net • www.txses.org/hreg/ 



VERMONT 

Aug. 10, '02, RE for Your Home; N. VT.Tour PV 
system; theory, design, setup off-grid system, 
some wind & hydro.US$50. Reservations. 
Contact: Flack Family Farm, 2063 Duffy Hill Rd., 
Enosburg Falls, VT 05450 
sarahflackfarm@hotmail.com 
www.flackfamilyfarm.com. 

PV, Wind, & Solar Hot Water Basics wkshps. 1st 
Sat. each month, through Sep. Info: VT Solar 
Engineering, PO Box 697, Burlington VT 05402 
800-286-1252 • Fax: 802-863-7908 
www.vermontsolar.com 

VIRGINIA 

Info & services on practical solar energy apps in 
VA. VA Solar Energy Assoc., the VA Solar 
Council, & the VA chapter of SEIA. Info: VA Div. of 
Energy -804-692-3218 

WASHINGTON, D.C. 

Sep. 19-Oct. 9, '02; Solar Decathlon, on National 
Mall. College competition to design & build 
energy-efficient solar-powered homes. Info: Gary 
R. Schmitz, NREL 1 61 7 Cole Blvd., Golden, 
Colorado 80401 • 303-275-4050 • Fax: 
303-275-4091 • gary_schmitz@nrel.gov 
www.solardecathlon.com 

WASHINGTON STATE 

Sep. 20-22, '02; NW RE Festival. Whitman 
College, Walla Walla. Keynote: Amory Lovins. 
Tours, eco-friendly concert, panelists, speakers, 
wkshps, & vendors. Energy conservation, solar, 
wind, hydro, geothermal, biomass. Industries, 
commercial buildings, residential. NWREFest, 
PO Box 1 501 , Walla Walla, WA 99362 
info@nwrefest.org • www.nwrefest.org 

Oct. 1 1-13, '02; Intro to RE Wkshp, Guemes 
Island, WA. Intro to solar, wind, & microhydro for 
home owners. US$200. Fri. evening free & open 
to public. Info: see SEI in COLORADO listings. 
Local coordinator: Ian Woofenden 
360-293-7448 

ian.woofenden@homepower.com 

Oct. 14-19, '02; PV Design & Install Wkshp. 
Guemes Island, WA. System design, 
components, site analysis, system sizing, & a 
hands-on installation. US$550. Info: see SEI in 
COLORADO listings. Local coordinator: Ian 
Woofenden • 360-293-7448 
ian.woofenden@homepower.com 

Oct. 21-26, '02; Wind Power Wkshp with Mick 
Sagrillo, Guemes Island, WA. Design & install a 
complete wind-electric system. System sizing, 
site analysis, safety issues, hardware 
specification, & hands-on installation. US$550. 
Info: see SEI in COLORADO listings. Local 
coordinator: Ian Woofenden • 360-293-7448 
ian.woofenden@homepower.com 

WISCONSIN 

MREA Wkshps: Ind. & Comm. Solar Utilization: 
Aug. 8, Madison, Wl; Basic PV & Site Audit: Aug. 
15-16, LaCrosse, Wl; Int. PV: Aug. 17-18, 
LaCrosse, Wl; Wind Install: Sep. 15-21, 
Lewiston, MN; RETScreen: Oct. 3, Madison, Wl; 
Urban PV: Oct. 18-19, St. Paul, MN; RE for the 
Developing World: Oct. 21-25, Custer, Wl. SOs 
half price. MREA, 7558 Deer Rd., Custer, Wl 
54423 • 71 5-592-6595 • Fax: 71 5-592-6596 
mreainfo@wi-net.com • www.the-mrea.org 
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The Wizard Speaks 



Magnetic 
Energy 



The free energy sweepstakes has a new entry. It is 
called a magnetic energy generator, or MEG for short. 
This device is based on some new concepts in physics 
that are similar to ones I have described in the past. 

The MEG essentially draws its energy from the 
electromagnetic energy potentials and flows inherent in 
the nature of the vacuum energy field of the space-time 
continuum. Using a permanent magnet with a 
nanocrystalline sheath and various energizing and 
transforming coils, the MEG transforms these potentials 
and flows into a usable form of energy. 

The MEG is a device that has no moving parts. A patent 
has been issued, and the MEG is expected to be in 
commercial production within a year or two. A prototype 
of the device has been built and tested. The preliminary 
data results I have read seem to indicate that the MEG 
is actually capable of producing more energy than is 
used to activate it. Additional testing and verification 
procedures are now, or soon will be, in progress using 
an additional research prototype. 

Often "free energy" devices like these are highly touted, 
but in the end fail to live up to their promise. One article 



AC Energy Meters 

Computer Readable Stan d-a lane Mtrcleh 

Measure Power Hew irr both diretLioas 
Ideal far solar and wind systems 
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on the technology included three Ph.Ds as authors, and 
the theory is based on work that, in some cases, has 
been going on for many years. Let us hope that this is 
the one that works. If it does work, it will solve the 
energy problem, and make a dent in many of the other 
problems that plague our planet. 

Some Web sites concerning this and similar 
technologies: 

www.rense.com/general21/free.htm 
www.cheniere.org 

www.flynnresearch.net/parallel_path_magnetics_vs si 

milar_devices.htm 

www.flynnresearch.net/Page_1 .htm 



African Wind Power 
The AWP3.6 is in STOCK ! 

This 11 .8 ft wind genny is available for 
immediate shipment at $2350 (24 or 48v), 
including Controller and Dump load. Tower prices 
have been reduced. 

We also have a Long Case Jake ready to ship. This is 
your chance to have a completely remanufactured 
masterpiece. 

New and used towers available. 

Abundant Renewable Energy 
22700 NE Mountain Top Rd. 
Newberg, OR 97132 
(503) 538-8292 
www.AbundantRE.com 



BATTERY BOX 

VENTILATOR 

& BACK DRAFT DAMPER 



• Positive hydrogen venting 

• Stops back drafts 

• Keeps batteries warmer 

• Minimal power consumption 

• Available in 12, 24 or 48 VDC 

• Trace SW Inverter or controller required 
to switch fan on/off automatically 




POWER VENT 

12v&24v-$79 

48v-$104 

+ $8 S&H (cont. U.S.) 

CO residents add 3% 



Zephyr Industries, Inc. 

■ POB 52, Salida, CO 81 201 
719.530.0718 
www.zephyrvent.com 



Home Power #90 • August / September 2002 



ELECTRIC VEHICLE 

COMPONENTS, CONVERSION KITS, PUBLICATIONS, VIDEOS, 
AND ENGINEERING DESIGN SERVICES FOR THE EV 
HOBBYIST AND MANUFACTURER.. .All components selected with 
safety and reliability foremost in mind. ...We stock and sell the 
largest variety of the very best: 

♦ ADVANCED DC Motors in 12 variations from 2 HP to 28.5 HP 

♦ CURTIS-PMC Controllers, Throttle Potboxes, Footpedals 

♦ ALBRIGHT & KILOVAC Main & Reverse Contactors in 6 models 

♦ GENERAL ELECTRIC & HEINEMANN Circuit Breakers 

♦ BUSSMAN Safety Fuses from 200 to 800 amps 

♦ DC-DC Converters from 48 to 336 V input 

♦ K & W ENG. & BYCAN Battery Chargers from 48 to 1 44 V 

♦ Full line of CURTIS, WESTBERG, & KTA Meters & Gauges 

♦ DELTEC Meter Shunts from 50 to 1 ,000 A 

♦ EVCC Adapter Plates, Couplings, Clamps, & Brackets 

♦ PRESTOFLEX Welding Cable, MAGNA Lugs, Assy. Tools 

♦ CONVERSION KITS for vehicles from 300 to 10,000 lbs. 

♦ Complete ELECTRATHON Drive & Instrumentation Pkg. 

♦ 4 Complete GO KART kits.. .for up to 90 mph.. 



TA SERVICES INC. 



COMPONENTS & PUBLICATIONS CATALOG $5.00 

Electric Vehicle components and systems since 1984 

944 West 21 st Street - Upland, CA 91 784 USA 
Tel: (909) 949-7914 - FAX: (909) 949-7916 
Web: www.kta-ev.com 



Shell Solar Industries 




Solar Power Your Dream. 



You've finally found just the right spot. 
A little out of the way, but good water, 
good soil, and even a little view. 
You're going to build. 

Shell Solar Industries can help turn 
your plans into reality. An economical 
Shell solar system can give you year 
after year of trouble-free electricity. 
And do it silently, without fuel, waste 
or pollution. 



Find out now just how easy it is to 
have a solar system to meet all or part 
of your electrical needs. 



See Your Shell Solar Industries Pro 



Office (928) 636-1001 
Fax (928) 636-1664 

P.O. Box 365, 2655 N. Hwy 89 
Chino Valley AZ 86323 



HITNEY SOLAR PRODUCTS, INC. 

Harmony with Nature 




CA Lie. #661052 
Our 19th Year Offgrid! 
We provide excellent service 
and technical support. 

Residential Power • Water Systems • Communications 
Wind • PV • Hydro • Custom Design • Installation • Mail Order 

All Major Brands 



SIEMENS 



Trace 



[ ENGINEERING , 



Sun Frost 



,zduewoiik& California Rebates! 



KUDCERB 



(559) 877-7080 



e-mail: ofln@aol.com 
http://www.psnw.com/~ofln 

located in the central Sierra, near Yosemite 



■PJP 



25 



MEMBER 



OFFLINE 

P.O. Box 231 
North Fork, CA 
93643 



Earn a degree in Renewable Energy 

with a ■Mnranrratofl in fta^wtfsvc Desipn tosraffalrwi 

SAN JUAN COLLEGE, FARMINGTON. MM 

# TWa-year AAS db£fM or on&-yMf MrtJtl&ai*. 

B-jth tmpFiasiie Full NEC cdUkpinariM. 
+ Combine kw™ *itn handMr* taafnma- 
+ Tuition J3CGtetirnsster out^r-saie and 5 '3D m-steu 

Carl Blckronri, (SOGf 666-3503 or 241-6327 

hie kf &rd@san jua nco Hcgo .cd lj 
website: san] uanc&Heg a .ed u'rerifli'l nde* .htm I 



For every $1 spent on 
energy efficiency, 
$3 to $5 are saved on PVs 
and system components 
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panels. The erroneous section of the article reads: 

My understanding is that the antifreeze formulation in the 
Dow Frost propylene glycol mixture that I used is rated to 
350 °F (177 °C), as opposed to other mixtures that are 
only rated to 280 °F (138 V). 

In the summer months, I'm going to disconnect the PV 
modules from the circulation pumps and let the collector 
loop fluid stagnate. This will shorten the life of the glycol 
in the system, but I still expect to get five years or so out 
of it before it needs to be changed. I plan on checking the 
pH of the glycol before the heating season begins to 
make sure it hasn't degraded and is up to snuff. 

If the glycol is allowed to stagnate, the panel could bring the 
temperature of the glycol higher than the glycol is designed to 
handle. According to the manufacturer, the panel could get as 
hot as 375 °F, while the glycol is actually rated at 325 °F. At 
those high temperatures, the inhibitors that prevent the glycol 
from turning to acid can quickly break down. This could cause 
destruction of the collector's thermal absorption plates. 
According to experts in the field, the rate of change in the pH 
is fairly sudden at the end, so measuring pH is not a good 
indicator of how much life is left in the glycol. So, do not allow 
your collectors to stagnate! 

These high temperatures are also above the glycol's boiling 
point, so it is possible that in your similar system, the glycol 
would cause the system's pressure relief valve to open. That 
would mean that the system would have to be recharged after 
each summer season anyway, thus eliminating the only 
benefit of not draining the system if it is not going to be used 
during the hot months. In addition, too high a temperature in 
pipes could cause harm to their insulation. 

We've fixed this mistake in the Web and CD versions of HP89. 
The new version of this section says: 

My understanding is that the the antifreeze in the Dow 
Frost HD propylene glycol mixture that I used is rated at 
325 °F (163 V) for one year. The lower the operating 
temperature, the longer it will last. 

For the summer months, my inclination is to leave the 
system running, and see if the heat build-up in my utility 
room gets to be an issue. If it does, I'll either drain and 



flush the system or cover the collectors. Using custom 
canvas covers (available from boat outfitters) seems like 
the simplest solution for my needs now. I like the idea 
that I could uncover one collector at a time as needed. 

Our sincere apologies for any inconvenience to our readers. 
Many thanks to Tom Lane of Energy Conservation Services 
for pointing the problem out to us, and to Smitty and Chuck of 
AAA Solar for helping come up with information and solutions. 
The Home Power Editorial Staff 

Slick Trick on Battery Cables 

I enjoyed your article on homebrew battery cables in HP89. 1 
have done a bunch of them in similar fashion, but I used a 
slightly different approach. I made up a soldering pot from a 
piece of folded over half-inch conduit. I snip off enough solder 
to fill the pot halfway. Then I dip the terminal for a few seconds 
into the hot solder. The solder is soaked up real nice and the 
terminal is tinned. I then drill the hole and use shrink tubing on 
the end. The drilling after soldering prevents the strands from 
falling out on the ends. 73s N4KSM • hansflo@juno.com 

/ often fantasized about using a solder pot when I was making 
many of those connectors. Your method is far faster and 
better. It helps prevent the cable insulation from burning 
during the process, and coats the connector so that it will be 
less likely to oxidize. The cute trick is using a bit of conduit for 
the pot— it's cheap and saves solder. Richard Perez 
richard.perez@homepower. com 

Quiet Inverter Question 

Dear HP. Great magazine. Ever since I got a Honda EV+, I 
have used "time of use" electric metering, not the special EV- 
only rates. Before I got the car, I found time of use to be 
break-even, since I am not at home during the day. The rates 
are a good blend for me. I loved that car, and I am considering 
a DIY conversion. 

Also, I am considering putting up 300-500 W in solar-electric 
panels, to drive the peak usage to near zero. I went to 
compact fluorescent lights years ago during a summer heat 
wave when I wanted light but no more heat. I expect a 
US$3,000 system to pay back in 6 years if I get California 
rebates. I will do it anyway. From your experience, what are 
the three quietest inverters? 

Also, I accept that economics cannot adequately evaluate 
intangibles. The notion that you can show 20+ year payback 
on a 25+ year system is gravy. Solar energy is still the 
cleanest energy available. I consider solar energy to include: 
PV, solar thermal, wind, rain, and hence, hydro-electric. David 
Gardner, Los Angeles, California • david.gardner@trw.com 

Hello David, A good choice of inverter for your system would 
be the GC-1000 from Advanced Energy, Inc. The inverter is 
quiet. Its design includes adequate heat sinking of the FETs 
and uses passive cooling (no cooling fan) to keep the inverter 
at acceptable operating temperatures. The unit has a 48 VDC 
nominal input voltage, which allows you to operate the system 
in either two or four module increments depending on the 
nominal output voltage of the PVs. This fits nicely with the 
system size you mention, and also gives you some headroom 
for future expansion. Joe Schwartz 
joe. schwartz@homepower. com 
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Microwave on Sine Wave 

Do you know whether the new microwave ovens put out by 
Panasonic will work off of a Trace SW4024 inverter? The most 
I can get out of Panasonic is that my warranty will be void if I 
try it. This microwave is of interest since it is very efficient. 
One model states that for 1 ,350 watts in, you will get 1 ,200 
watts out! Perhaps you could do a "Things that Work!" article 
on it. Note that it can be very confusing discussing these 
microwaves since they are labeled "inverter technology 
inside," and we have two meanings for the word inverter in the 
same paragraph. Martin Nicoll, Pinantan Lake, BC Canada, 
rosnmartn@hotmail.com 

Hello Martin, We have one of Panasonic's new "inverter 
aboard" models here (model number NN-T990SA), and it 
works just fine on our Trace SW4024 and on our Exeltech MX 
inverters. This is one of those 1,350 watts in and 1,200 watts 
to the food models. We replaced our old 1987 GoldStar 
microwave with this new Panasonic and the difference is 
amazing— less cooking time, and less energy use because 
the Panasonic is way more efficient. Makes great popcorn! 

This microwave is computer controlled. When it isn't in use, it 
draws so little (about 4 watts) that the Trace SW inverter goes 
to sleep and the microwave computer is powered down. This 
creates a deadlock. The computer won't come up until the 
inverter is booted (16 watts), so it's necessary to bring the 
inverter out of sleep using another, larger load, and then turn 
on the microwave. 

When it comes to warranties, we never tell the vendor or 
manufacturer that we are running the appliance on inverter- 
supplied electricity. Modern sine wave inverters are far 
cleaner and more stable than the grid. I fail to see why we RE 
users should be penalized because of manufacturer butt- 
covering. Richard Perez • richard.perez@homepower.com 

Generator Net Metering 

Dear Sirs, I live in rural Minnesota, have a 15 KW diesel 
generator. I want to run it on waste fryer oil and generate my 
own electricity as well as push the excess back through my 
meter to use the grid as a "battery." 

Net metering is the term for what I would like to do. I'm looking 
for advice on a Web site or two that could help me out with the 
switching equipment needed, transfer switches, etc. I am sure 
that there are articles in the magazine that would be helpful 
as well. Please point me in the right direction. It is a very 
interesting project. Jim Bjork 

Hello Jim, Minnesota was one of the first states to adopt net 
metering legislation, passed in 1983. All renewable energy 
sources are covered under the legislation. So you shouldn't 
have any trouble getting utility approval to net meter your 
biodiesel powered generator system. 

A Trace SW series inverter (www.traceengineering.com) and 
a Trace Grid-Tie Interface (GTI) have the utility -intertie 
capability and safety features required to put electricity onto 
the grid using your generator. This setup would use the AC 
output of the engine generator to charge batteries. The 
inverter would then create an AC sine wave from the DC 
energy stored in the batteries, synchronize the frequency with 



the grid, and feed electricity back through your utility KWH 
meter. The only additional devices required are AC and DC 
overcurrent protection fuses or breakers, and alockable 
disconnect accessible to utility personnel between the inverter 
output and the mains panel. 

This setup would result in a pass-through efficiency of 
approximately 70 to 80 percent. There may be engine- 
generator controls that would allow you to run AC directly 
between the grid and the engine generator, which would be 
more efficient. This would be a good question for the 
generator manufacturer. Let me know if you have any 
additional questions or ideas. Joe Schwartz 
joe. schwartz@homepower. com 

Grid Losses 

Dear Sir/Madam, A friend saw Randy Udall's "In the Belly of 
the Beast" in HP87, with the chart of energy use from 
Lawrence Livermore National Laboratory (LLNL). Using the 
data from the chart, he calculated that for each kilowatt-hour 
of electricity in household consumption the utility company 
needed to generate 1 .7 KWH. However, when using solar- 
electric systems, only 1 .1 KWH generated is required for each 
1 KWH consumed. Is the data correct? I have contacted the 
author of the LLNL study, Ms. Gina Kaiper, and have 
permission from LLNL's Technical Information Department to 
re-post their latest chart (for the year 2000) in an article I am 
preparing on the subject, Thank you for any additional 
information you can provide. Gilles d'Aymery, Menlo Park, 
California • aymery@ix.netcom.com 

Hello Gilles, I'm not much of a number cruncher, but I've done 
some quick research to try to confirm this. According to a 
study described on the EPRI Web site (www.epri.com), "Bulk 
transmission system losses account for approximately 4 
percent of the total electrical energy produced. At peak load, 
approximately 5 percent of system capacity is lost." One North 
Dakota rural electricity co-op reports that their line losses are 
about 10 percent. In a rural area, line losses may be higher 
than most places. 

But this doesn't account for generating inefficiencies and 
losses. The Rocky Mountain Institute's Web site (www.rmi.org) 
says, "Electricity is not a fuel per se, but rather a carrier of 
energy. Because of conversion and grid losses, it typically 
takes three or four units of fuel to produce and deliver one 
unit of electricity." Former H P staffer Chris Greacen says, 
"Perhaps more relevant from an environmental perspective is 
that the U.S. generates most of its electricity from thermal 
generation, which is typically 35 to 50 percent efficient. This 
means that closer to 3 KWH of energy is consumed to 
generate 1 KWH used in a home." Data from the U.S. DOE 
indicates that it's about 2 to 1. Pick your favorite numbers. It 
would be useful to have a complete and accurate loss 
comparison between grid electricity and distributed RE. It 
seems to me that on-grid RE would increase the efficiency of 
both, since each would be consumed closer to its source. 
Perhaps some of our grid-savvy readers will be able to help 
you more. We'd like to see your article when you're ready to 
publish it. Regards, Ian Woofenden 
ian. woofenden@homepower.com 
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Throw Away that Compass 

Hello Richard, Here is a trick I learned in survival school. It is 
how to find true solar south without a compass. This is handy 
if either you don't know your magnetic deviation, or live near 
ore bodies, power lines, or other magnetic interference. 

Step 1 : Locate a flat level surface that you can write on that 
will receive full noon sun (I nailed a 6 inch square scrap piece 
of plywood on top of a fence post). 

Step 2: Install a vertical pointer near the side that you figure is 
south (I put in a 3 1 /2 inch nail 1 /2 inch deep into the board.) 

Step 4: Sometime before noon, say 10 AM, take a marker and 
put a dot at the end of the pointer's shadow. Repeat this 
approximately every 15 minutes until midafternoon (2 PM). 

Step 4: Connect the dots with a single line, forming an arc. 
Then measure the shortest line possible from the base of the 
pointer to the arc. This line will be the north/south line with the 
base of the pointer being south. (Reverse these directions in 
the southern hemisphere.) 

This works because the sun will cast its shortest shadow 
when directly south at its most "overhead" position. The 
accuracy is affected by how level the surface and how vertical 
the pointer, as well as how "pointy" a pointer, and the 
accuracy of the line drawing and measuring. 

I used this system to site my solar-electric panels because I 
have enough iron ore in my area to significantly throw out a 
compass. I hope this will help any readers in a similar 
situation. Dennis Donohue 

Guerrilla Solar Safety Question 

I read one of your guerrilla solar articles. I live off the grid and 
have ten, 100 watt solar-electric panels. I am also an 
electrician. I do not agree with your belief that the safety of the 
line crews should be left to the electronics of the inverters. I 
only work on systems that are mechanically locked out with 
my own lock. I have many years' experience with CPU-based 
machines and have seen electronic failures that have caused 
triacs and SCRs to short in a way that leaves them on. One 
failure like this — let's say after a lightning strike where one of 
the utility's line fuses blows — and the transformer now is 
backfed from your system. The line crew is now working on a 
line that is powered by your system, and not by their 
company's generating plants. Jeff Purdy 

Puzzled over Net Metering 

Hello, I just have two questions about net metering: 

1 . What happens when the utility needs to work on the power 
transmission lines? Do they have to contact each homeowner 
and tell them to disconnect their solar-electric array? 

2. What happens in a power outage during a storm, when a 
falling tree takes down the lines? Does the power company 
have to contact each homeowner and tell them to disconnect 
their solar-electric array? Can the solar household still have 
power to run their house while the rest of the grid is down, or 
do they lose power like everyone else? Thanks in advance for 
your help. Sincerely, Matt Arner, solar supporter 



Hello Jeff and Matt, Thanks for writing. Unapproved utility- 
interactive (ill) PV systems use the same inverters as 
approved ones. 

ill inverter grid disconnect and anti-islanding strategies are 
rigorously tested to both UL and IEEE. Many of the electrical 
engineers involved in IEEE inverter testing are engineers 
employed by U.S. electric utilities. The approved safety 
features related to Ul inverters meet these utility engineers' 
technical standards. Utility-interactive inverters are certified by 
IEEE and UL to pose no safety hazard to utility workers. 
These inverters are designed to go offline in under two 
seconds (typically in milliseconds) based on all fault 
conditions that result in the loss of grid power. These systems 
are as safe as can be. See my article on the technical details 
of utility-interactive inverter safety in HP71 , available for free 
download on our Web site. 

Most utilities still require a lockable RE system disconnect 
between the inverter output and the mains panel. No one in 
the RE industry I've ever talked with (and I've talked with a lot 
of folks) has heard of any instance where utility workers have 
used these disconnects during line maintenance, or even 
heard of a utility that has gone to the trouble of creating a 
database identifying the location of these systems. This sure 
puts the utilities' concern over the safety of these systems into 
perspective. And an interesting side note is that utilities have 
been known to shut down and lock out utility intertied RE 
systems based on things like lack of administrative policy or 
IBEW electricians looking to control the RE system 
installation market. 

Utility linemen work under hazardous conditions on a daily 
basis. Utility safety protocol dictates the grounding of all 
potentially energized conductors. Incorrectly installed engine 
generators pose a hazard to utility personnel that surpasses 
that of Ul inverters by orders of magnitude. 

About 70 percent of the grid-tied solar-electric systems in the 
U.S. include batteries. With a battery less system, you lose 
power when the grid goes down, just as your neighbors do. 
Some utility interactive inverters are designed to operate in 
conjunction with a battery bank for back-up power in the event 
of a utility outage. But this adds levels of cost and complexity 
that many homeowners don't want. When talking with folks 
about battery vs. batteryless grid-tied systems, I always ask 
them the following questions: 

1. When was the last time your home experienced a power 
outage? 

2. How often do outages occur at your location, if at all? 

3. How long do they typically last? 

4. How much do these outages affect your lifestyle? 

Each individual system owner needs to determine if backup 
power is necessary based on their application and location. 
It's nice that the hardware available gives us this choice. Joe 
Schwartz • joe.schwartz@homepower.com 

Thanks for Solar Thermal 

I am glad to see solar thermal finally included in recent 
installation articles in Home Power magazine. Countless PV 
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installations in the past have covered almost every efficiency 
detail except for the omnipresent water heating question— a 
huge energy load. It has usually been answered by gas, while 
the solution is a simple solar thermal system that works in 
concert with the PV system. While solar thermal has a tainted 
history in the recent past due to the failures of wrongly 
engineered innovations in the solar industry, it remains one of 
the first venues requiring attendance prior to (or in concert 
with), the road to energy independence. Dave Johnson, West 
Palm Beach, Florida 

Dave, Thank you for your letter of appreciation. I am happy to 
report that solar thermal articles will hold a regular place in 
Home Power magazine. In future issues, you can look forward 
to articles about solar hot water, hot air, passive solar design 
for heating and cooling, and energy efficiency. 

Solar thermal energy is very economical for much of our 
energy needs. The solar thermal industry is technologically 
mature, but the market is vastly underdeveloped. Do-it- 
yourselfers can take advantage of simple, straightforward 
technologies. 

We hope that by sharing the profound wealth of knowledge 
and experience that exists with solar thermal applications, 
more of us will find a way to benefit from our greatest and 
cleanest energy resource of all — the sun. Ken Olson, HP 
Solar Thermal Editor • Sol@Solenergy.org 

Straw Bale Update 

Hello! I was wondering how the straw bale walls of the 
bathhouse had done with the indoor humidity over the years. 
I'm thinking about doing a sauna project, and am looking for 
some info about how the bales are around moisture. I'd 
appreciate any help! John 

Hi John, As far as we know, the straw bale walls are doing 
great, but... The number of plants inside, compared to the 
volume of the Home Power greenhouse, is pretty low. This is 
because there is a lot of other utility room stuff going on in 
there. My point is that it doesn't seem very humid in the 
bathhouse. Joe Schwartz is planning to do some data logging 
on temperature and humidity on that building so we should 
have some real data in the future. 

Now, a true sauna (the Scandinavian definition, as I 
understand it) is dry heat, and should do great with straw 
walls. A wood heater should help keep the interior dry by 
sucking moist room air through the stove, and any residual 
moisture would be driven out through the walls of the building. 
Great huh? 

But many people consider a sauna to be steam heat (which I 
actually prefer) and this may not go well with straw at all. 
Unless you were able to burn the place dry after every use, 
any water vapor that was pushed into the walls would 
condense as the room cooled down after use. That sounds 
like a potential problem to me. I don't know how you could 
measure this without embedding electronic sensors in the 
wall. That's great if you are an energy nerd, but perhaps 
overly complicated if all you want is a relaxing sauna. 

Another potential drawback of straw bale sauna walls is the 
stucco used to coat them. In a home situation the thermal 



mass of the stucco is used as a "heat battery" to help keep 
the house at a constant temperature. But you want a sauna to 
heat up fast, for use, but not to retain that heat after use. In 
this situation, extra mass only means extra energy and time to 
get your sauna up to temperature. 

That said, there are people building saunas using cordwood 
construction, which seems pretty massive to me. I have no 
idea how those are performing for folks. So there — some 
positives, some negatives. And all of it pure speculation from 
me. Ben Root • ben.root@homepower.com 

Modern Wind Turbines Are Designed Poorly! 

Dear Sirs, I would like to state for the record, that the present 
day designs for wind turbines are all wrong. I have studied 
wind turbines for many years, and the technology being used 
today is based around a propeller style design, which is the 
wrong technology. A propeller is designed to be turned at very 
high rpms by a power plant. A wind turbine is not. To generate 
torque for turning a generator, you would not want to use a 
propeller. It does not have enough surface area to generate 
the proper leverage. A basic farm-style wind turbine (like those 
used to pump water) of the same diameter will easily 
outproduce the three bladed turbines now being used. They 
can easily redesign them to handle much larger applications, 
and high wind conditions. 

Why not take some of this money being thrown around, and 
show the world what real technology is all about? Let's build a 
super wind turbine that really produces. I have a design that 
generates over 75 percent more torque than these propeller 
style blades. And I have the designing and engineering ability 
to explain how to build them at the larger scales. I guarantee 
at least a 30 percent greater output in high wind areas, and a 
75 to 95 percent greater output in medium wind areas. This is 
where my designs really shine. I have yet to see basic 
strengthening technologies being used in these so called 
modern designs. 

I can show you how to build much better wind turbines! We 
are throwing away hundreds of millions of dollars if not more, 
on a bad design! We need to stop and take another look. I am 
willing to share my wisdom. What would it hurt to listen? My 
designs produce much of their potential simply by utilizing the 
vacuum created behind the turbine, while these so called 
modern designs produce little to no vacuum. My testing has 
shown that my designs generate great torque-ability from this 
vacuum. I tested one design that produced 93 percent more 
torque than a three bladed design that had 25 percent more 
blade diameter. So that should tell you something. We have 
the ability to do better. Investors have rushed into this way too 
fast in an effort to capture the market in light of Enron's 
troubles and high energy costs. I hate to say it, but, they 
missed the boat! Thank you! Randall S. DeWitt (an old Dutch 
master), La Center, Washington 

Randy, You are not the first nor the last to believe you have a 
world-beating wind turbine design based on a low-speed 
rotor. There is no easy way to tell you this, but you are wrong. 
It is true that a farm style windmill has much higher torque 
than a modern wind turbine, but power is not all about torque. 
Power is about speed times torque. At high rpm, very little 
torque is required to convert all the power the wind can give 
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you. This is good, because applying a torque to the wind 
wastes power. 

The biggest loss of power from a farm windmili is the torque 
applied to the wind. Newton's third law says if the wind applies 
a force to the blades, the blades apply an equal and opposite 
force to the the wind. This torque force produces a swirl 
velocity in the wake, which robs a large part of the power you 
could have had. 

High speed rotors have their problems too, but overall, they 
are usually more efficient, and certainly more appropriate for 
producing electricity. Generators need high shaft rpm to work 
efficiently. Utility scale wind turbines could not possibly use 
farm windmill rotors, because the torque would be so massive 
that you would need an incredibly heavy shaft and gearbox. 
Anyway, the whole machine would be absurdly heavy and 
impossible to control or protect from storms. 

We are not throwing away hundreds of millions of dollars on a 
bad design. Modern wind turbines are amazingly efficient, 
and produce much more energy than farm windmills could 
from the same swept area of wind. Hugh Piggott 
hugh.piggott@enterprise. net 

PV Embodied Energy 

Hello, I was quite interested in solar-electric panels, and I 
found out on your Web site that they had a quite short lifetime 
of 20 years. Calculations made, I found out that solar energy 
wasn't that much cheaper than the electricity I get from my 
plug. Considering the fact that the manufacturing of solar- 
electric panels pollutes in different manners, I was quite 
deceived. But I still wonder if my information is really true and 
if old solar panels are renewable. Maybe you have the answer 
for my question but anyway, thanks for taking your time. Emre 
Neftci 

Hello, Most PV modules are warranted for 20 to 25 years. Jet 
Propulsion Laboratories has done accelerated PV longevity 
testing and concluded that the majority of PV modules 
manufactured today will still be producing 50 percent of their 
new, out-of-box power output 50 years from now. You can will 
them to your kids. 

We're really comparing apples to oranges when we look at 
the price per KWH of various electric generation technologies. 
In the U.S., renewable energy generation sources (PV, wind, 
bio fuels) receive 1.8 percent of federal money slated for 
subsidizing electric generation. Established generation 
sources (coal, nuclear, natural gas, large-scale hydroelectric) 
receive the lion's share of the rest. What most folks don't 
realize is that fossil fuel generated electricity may be cheap at 
the meter compared to PV, but they're paying the difference 
every year in their federal taxes. If all federal energy subsidies 
were eliminated, PV would be competitive in today's energy 
marketplace. 

This financial evaluation does not include the hidden costs 
associated with fossil fuel powered electric plants. These 
include decreased agricultural productivity and increased 
health care costs associated with the emissions of fossil fuel 
powered generation. Check out HP1 6, page 21 for more 
details. 



The pollution created by PV manufacturing is insignificant 
compared to generation sources that pollute every time they 
generate a KWH. If you compare the energy it takes to 
manufacture a PV module (embodied energy) to the energy 
the module will produce over a conservative 30 year lifetime, 
the results are mind blowing — a crystalline module will 
generate approximately nine times the energy used in its 
production, and a thin film module will generate approximately 
seventeen times the energy used in its production. Take a 
look at HP80, page 42 for more info. Thanks for writing. Joe 
Schwartz • joe.schwartz@homepower.com 

Re: PV Panel Placement Problems 

Hi Ian, I have had quite a bit of experience aiming panels in 
different directions (re: your answer to PV Panel Placement 
Problems, HP87, page 141) with good all day sun. I can 
recommend this for several reasons. 1) My charge controller 
operates much less when the incoming power is spread 
throughout the day, thus wasting less energy. 2) The batteries 
are cycled less deeply since power is still being delivered in 
late afternoon. 3) The batteries start getting charged earlier in 
the day, further reducing depth of discharge. Besides, in the 
summer the sun is still high in the sky until late in the day. I 
hate to not get some use out of it! Sincerely, Mark Heinlein, 
Bend, Oregon 

Hi Mark, If you have sun on the modules between the hours 
of 10 AM and 2 PM, facing the modules directly south is the 
best way to go. This captures 70 percent of the available solar 
energy. Facing the modules elsewhere will capture less 
energy unless the modules are tracked. If your charge 
controller is operating, your batteries are full and incapable of 
storing any more energy. Richard Perez 
richard.perez@homepower. com 

How to Fix that RFI Problem 

HP, I wish to address the RFI problem experienced by Bob 
Kidwell (HP89). As an amateur radio operator, I would find 
Bob's conditions unacceptable and would take steps to 
remedy them. 

Switchmode power supplies generate square waves in the 
switching circuitry (i.e. on or off). These waves are controlled 
in such a way as to provide 90+ percent efficiency rates. 
Square waves contain an infinite number of harmonics, which 
may be detected across a very wide bandwidth— audible to 
microwave frequencies. 

Suppression can be from simple to borderline impossible. I 
hope Bob's RFI woes will be the former. Obtain a ferrite core 
from Radio Shack. This is the cylinder found on many 
computer cords. Two capacitors, 470 and 0.01 microfarads at 
a minimum of 25 V for a 1 2 V system, 50 V for a 24 V system, 
etc. Connect as follows: Turn off power — kill switch, breakers, 
etc. Remove the positive DC power lead to inverter. Place 
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lead through core, looping wire as shown in the diagram. 
Connect capacitors to inverter as shown. Observe polarity on 
electrolytic capacitor! Reconnect positive DC lead. Double 
check work. Reapply power to inverter, and test noise level 
with a cheap AM radio. If the level is still too high, add 
additional cores as needed. You can also pass through the 
ferrite core without a loop. Also you can try passing through 
multiple cores, looping if needed. 

If all else fails, place well-supported wire mesh around the 
inverter and connect to ground. Or call the manufacturer for 
assistance. Best of luck, y 73 de N9YOD, John V. Baer, 
Goshen, Indiana 

You Can Take Them with You 

HP, After reading up on how to connect my PV system to the 
grid in HP89, 1 got to wondering about how to disconnect 
Chances are that when I move, I'll want to take my PV panels 
and inverter with me for a couple of reasons. First, because 
they'll be paid for— I'll be taking advantage of the up to 50 
percent California rebate. Second, since no one else in my 
neighborhood has a PV system, I don't think that I'll get my 
money back when I sell (and thus won't have that cash to 
invest in another comparable system). Any suggestions or 
experiences? Thanks for putting out a great magazine! 
Jeremy Adams, San Lorenzo, California 

Hey Jeremy, Glad you're enjoying the mag. We have a good 
time putting it together. If you're planning to move your PV 
system in the future, here are some things to think about. 

1. Don't mount the PVs on the roof. When you pull the mounts 
off later, you'll be left with a bunch of roof penetrations that 
will be hard to seal in a cosmetic manner. If your site allows, a 
pole mount or even a tracker would be a better choice for PV 
mounting. Keep the top of the cement footing six inches below 
grade. Then the pipe can be cut off and the remainder buried. 

2. If you have a long DC wire run, install it in conduit (instead 
of direct burial cable) and pull the wire when you split. 

3. The rest of the system components can be easily removed 
and taken with you. Some folks even mount the inverter, 
disconnects, etc. on a piece of plywood screwed to the wall. 
Disconnect the PVs and batteries (if you're using them), pull 
the rest of the components off the wall, and they're prewired 
for the next site. 

4. We were just talking about whether the California buydown 
program addresses relocating the system components out of 
state. I wonder if they'd bill you, follow you to the end of the 
earth, or...? It would probably be a good thing to read up on. 
Take it easy, Joe Schwartz • joe.schwartz@homepower.com 

PV Powered Apartment Possibilities 

Hi HP, I would like information on apartment renters using 
solar electricity. I am looking for something that will not alter 
the apartment. The apartment I live in does not allow 
alterations to its structure, and I can use no nails larger than 
picture nails. Mary 

Hi Mary, Clever system design and installation can work 
within those parameters. Check with a local renewable energy 
professional to assess your situation. There are several ways 
for renters to use solar electricity. 



First off, it's best to make your apartment as energy efficient 
as possible. This includes changing your incandescent light 
bulbs to compact fluorescent lighting, turning down your hot 
water heater and insulating it, eliminating phantom loads, 
doing without old and inefficient loads or replacing them with 
newer efficient models, and being aggressive about 
conserving electricity. After you've significantly reduced your 
energy consumption, look at adding a small, unobtrusive 
solar-electric system. 

Possibly the most simple route is a utility-interactive system. 
This can be as small as 100 to 120 watts of photovoltaics 
(PV) and an OK4U or MicroSine inverter (see the guerrilla 
solar profile in HP84J. Usually you can install this system 
without major damage to your apartment. Mount your panels 
in the sun and plug the inverter into the wall. Place your PV 
panels in your yard or on your porch, using a mount with 
weights, like sand bags. Larger utility-interactive systems may 
require more permanent installations that need holes drilled in 
your walls, conduit, etc. 

Another route is to take some of your loads off the grid. This 
option can entail some PV, sealed (maintenance free) 
batteries, an inverter, a charger, a controller, and safety 
equipment. For instance, you can install a small battery- 
based system that is dedicated to a fairly predictable load, 
such as a computer work station. Place the PV as above, and 
safely run its wire through a window to the charge controller. 
It's possible to install a small battery-based system so you 
don't have to alter the apartment too much, and so you can 
take it with you when you move out. 




The solar powered safari helmet... not for people 
who weigh less than one hundred pounds. 
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No matter what kind of solar-electric system you choose to 
design and install, it's important to do it safely! If you feel you 
have the knowledge and experience to do it yourself, great If 
you have any doubt, It's best to enlist the help of a competent 
professional. See our Web site for a database of renewable 
energy professionals in your area who can help you design 
and install your system. 

I'm a renter too. I live with a 300 watt, battery-based, stand- 
alone PV system that's not utility intertied. When we move out 
someday, we'll take our system with us. We managed to 
safely install it with only one conduit hole in a closet ceiling, 
and a couple mounting holes on our patio roof. Best of luck 
and keep us posted on your progress. Best REgards, Eric 
Grisen • eric.grisen@homepower.com 

Solar — The Right Thing to Do 

I like being informed by intelligent, concerned people who 
share the same goals I have, and are excited by the 
possibilities ahead of us and somewhat frustrated by the lack 
of interest in the practical wonders of renewable energy out 
there among John Q. Public in Pleasantville, U.S.A. John Q. 
seems to be much more concerned (in Orange County, 
California anyway) about decorating his big house, with the 
big screen TV he brings home in his big SUV. 

As a solar energy enthusiast for many years, and now a 
potential new business owner (I own the business, I just 
haven't made any money yet!), I welcome the chance to share 
my dreams with someone, even if it is done vicariously for 
now. Thanks for doing the right thing. Tom Burrows, owner, 
South Coast Solar, Lake Forest, California. 

Requesting Submittals for Architecture Book 

Book Concept: Designing a Sustainable Home. I am very 
interested in highlighting methods of harmoniously integrating 
alternative energy systems with architecture. Appropriate use 
of this technology is always a must, as well. My book will 
specifically highlight single family residential responses. 

The book will include real and imagined residential projects of 
all types, which demonstrate design features that enhance 
and enable the occupants' ability to live sustainably. All 
aspects of design will be covered, ranging from community 
and site planning, climatic considerations, energy sources and 
efficiency, space planning and use, material selection and 
detailing. Although these topics are broad in scope, no project 
will be truly sustainable unless it considers these issues 
holistically. 

The book will be written for the layperson beginning the 
process of building a custom home, and will focus on the 
design and decision-making process, rather than an outcome 
of a particular style or aesthetic. Attention will also be paid to 
such aspects as how to select an architect and contractor, as 
well as budgeting for the project. 

We are looking for built projects that highlight the above 
aspects. Since the collection will include submissions from 
across the country, particular attention will be paid to the 
regional and climatic response of the design. Depending on 
the specific project and ideas to be highlighted, photos, plans, 
and details may be necessary. There will be no required 
format for drawings, since the author will produce a common 



format and style for all submittals. If you are interested, please 
contact me. Thank you, Angela Dean, AIA, 801-322-3053 
amd@sisna.com 

Payback on RE 

Concerning the discussion of payback on renewable energy 
technologies, I agree with Ian Woofenden that criticism of the 
ordinary person's desire to save money is misplaced. The 
consumer concern about the payback for alternative energy is 
due to a concern about saving money on energy costs. 
Looking to save money is part of the cost-benefit analysis that 
goes with any financial decision. Like it or not, in the real 
world, most people take personal cost and benefit into 
account when making decisions, because financial resources, 
like natural resources, are limited. Most people consider the 
personal cost and benefit of their decisions, in addition to 
such factors as social good. Yet, the attitude displayed by the 
professional wrenches seems to be "shut up about money and 
enjoy your expensive hobby." 

I too am tired of the analogy to cars and couches, particularly 
where cost-benefit analysis also plays an important role in the 
purchase of these and other consumer items. When we buy a 
couch, we look at its cost relative to its comfort, appearance, 
and projected life span. In other words, we look at whether the 
expenditure is affordable and is warranted when compared to 
the increased personal comfort and pleasure that the item 
would give us. When we buy a farm truck, we look at its 
affordability and its cost relative to the work it will perform in 
transporting people, equipment, livestock, and so forth. 
Personal cost-benefit analysis is directly relevant to every 
consumer purchase decision, and is weighed against what 
the proposed purchase has to offer to the consumer. 

Yet, many commentators seem to expect that the consumer 
will put aside personal financial considerations and analyze 
the renewable energy system strictly from a societal cost- 
benefit analysis. This is unrealistic in a world of limited 
resources, including financial resources. Yes, people would 
likely be outraged to learn that the government takes money 
from them and uses their tax dollars to subsidize dirty energy. 
However, that outrage may or may not translate into a 
willingness to spend whatever they have left after taxes on 
expensive alternative energy technologies. Like it or not, 
family finances do not, first and foremost, exist to 
counterbalance foolish government subsidies. 

Of course, many people are willing to spend money solely for 
societal gain. Hence, people donate money to charities and 
not-for-profit organizations that work for the social good. 
Similarly, people who have affordable access to the dirty grid 
install elaborate alternative energy systems that cannot 
possibly save them money, no matter how long the alternative 
systems last. With many forms of alternative energy, the 
benefit to the grid-connected consumer is more akin to a 
charitable donation, as the expenditure is made strictly out of 
societal concerns: there will never be a financially positive 
impact for the consumer, nor any measurable improvement in 
the consumer's life that a less expensive alternative could not 
provide. The grid-connected alternative energy consumer gets 
to feel good about doing something for the larger social good, 
and this is positive. 
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However, to deride the cost-savings concerns of those who do 
not have sufficient disposable income to in essence make 
sizeable donations to the charitable cause of grid-connected 
alternative energy is foolish. Better would be to acknowledge 
that the purchase of an RE system while one is connected to 
the grid is an attempt to achieve a social good much like a 
sizeable charitable contribution to an environmental 
organization. This up front acknowledgement would tend to 
direct those who are more interested in saving money to look 
at efficiency technologies that will help them achieve their 
savings goals while helping to reduce the total amount of dirty 
energy consumed (compact fluorescent bulbs, geothermal 
HVAC systems, switched outlets, etc.). Redirecting the 
consumer who is wanting to save money with upfront 
acknowledgements concerning costs vs. savings would 
ultimately prevent much frustration for the wrenches who are 
selling the more "charitable" off-grid technologies to those on 
the grid. Gloria Morris • gloriafarms@famvid.com 

Thanks for your wise words, Gloria. I'll only add that there are 
plenty of places where RE does have a reasonable financial 
payback, even when compared to super-subsidized and 
irresponsible grid electricity But in my state, the cost of 
subsidized grid electricity is low enough (2 to 8 cents per 
KWH) that it often doesn't "pencil out" well if saving money in 
the short term is the goal. While this isn't my interest or 
priority at all, I very much want people to be realistic. I 
frequently find myself asking newbies to RE what their 
motivation is. We all have different ones, and it's more 
productive to find out what others' motivations are than to try 
to force fit ours on them. Thanks for writing. Ian Woofenden 
ian. woofenden@homepower.com 

Alternate Alternator Question 

Wow, I ended up buying two copies of HP88— one for the 
cabin in Long Beach, Washington, and one to wear out 
dragging back and forth to work. 

The article that I really enjoyed was the one about the Wood 
1 03, especially the part about building my own blades. Which 
brings up a question that I am sure you have answered 
before, but I haven't seen yet (only been reading your mag for 
6 months). How do I convert an automobile alternator into a 
directly driven windmill? How do I hook up and control the 
output by the amount of input voltage to it? How can I turn a 
12/16 volt unit into a 24 volt unit? I have been given a good 24 
volt, 750 amp-hour, 1 ,600 pound battery out of a pallet jack, 
and I want to use it for my cabin power. Man, we get plenty of 
wind at the coast. Any info about the above would be 
appreciated. Thanks from the Ugly Coyote 
thefurhunter@hotmail.com 

Hi Fur-Hunting Coyote, Car alternators are an attractive idea 
for the home-builder because they are readily available new 
and secondhand, and they are designed for charging 
batteries. Unfortunately the advantages end there. 

Car alternators are designed to charge batteries in a vehicle. 
They are designed to run at high speeds (high rpm) and to be 
lightweight and robust. You can fix a set of blades (a "wind 
rotor") on the pulley, and put it up on a homebuilt wind turbine, 
but the results will be disappointing. The blades will not run 
fast enough to produce any power except in high winds, so 



the wind turbine will not produce much power on a normal 
day. In high winds the bearings may not last very long, since 
they are not designed for this type of use. 

A car alternator's internal regulator is not appropriate for a 
wind turbine because: a) the voltage at the wind turbine is 
usually higher than the battery voltage, due to losses in the 
cables, so the regulator will not function correctly, and b) 
when it does function the regulator reduces the load on the 
alternator, which in turn will lead to the blades overspeeding, 
and consequent wear and tear and damage to the structure. It 
is best to bypass the regulator and use a shunt regulator, 
located at the battery instead. Also, some modifications will be 
required to make sure the alternator can "self excite" (feed its 
own field coil with a current) without draining the battery in 
low winds. 

Alternators can be modified to work at lower speeds by 
rewinding the output coils, using more turns. This will allow 
them to cut in and produce power at (say) 500 rpm instead of 
1,000 rpm. But the longer, thinner wire used in the rewind will 
heat up more than the original stator, so the efficiency will go 
from bad to worse. In any case, the output in low winds will be 
limited by the need to provide power to the field coil in the 
alternator. This field coil draws about 50 watts all the time the 
alternator is working. The blades have to be able to produce 
this much power before anything is available to charge the 
battery. In low winds, there is not much power available. A 
larger diameter of wind rotor could catch more power, but 
larger rotors turn more slowly, which aggravates the speed 
matching problem. 

Wind generators need low speed alternators with good 
efficiency at low power levels, so as to make the best of all 
wind speeds. Car alternators do not fit the bill. It is possible to 
use them for a simple homebuilt machine for very high wind 
speeds, but the results are disappointing because the 
efficiency is poor. Hugh Piggott • hugh.piggott@enterprise.net 
www.scoraigwind.co.uk 
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Home Power & the Web 

Richard Perez ©2002 Richard Perez 

This planet really is turning into a 
"global village "This is most 
apparent in the field of 
information, and mostly thanks to the 
World Wide Web, called simply the Web 
by most of it users. The Web is a lot like 
Alice's Restaurant — you can find 
anything you want... 

When the digital communications revolution began in the 
early 1990s, Home Power operated what was called a 
bulletin board system (BBS). The Home Power Bulletin 
Board was started by Michael Welch and Redwood 
Alliance in 1992, and was used by folks all over the world. 
People called in with their computer modems to access the 
RE info we had posted on this BBS located in Areata, 
California. We had callers from as far away as Denmark 
and Colombia. 

The BBS was crude in comparison with the modern Web. 
The interface had no graphics, and we had text files, 
compressed spreadsheets, software, and .gif-style 
graphics before we had PDFs. It was a far cry from today's 
files, complete with color pictures. But folks were happy to 
be able to access this information, even though it meant 
huge, long distance phone bills for the hours spent 
connected to the BBS with slow modems. 

As the Web became available, it made our BBS, and 
everyone else's, obsolete. Why call long distance when 
you can access more information with just a local phone 
call? In 1995, Home Power's first Web site went on-line. 
We had a field day packing our server with RE information. 
In 1996, we began making our current issue available for 
free download. Today, Home Power's Web site gets about 
85,000 unique visitors each month, and more than 65,000 
people download each electronic edition of Home Power. 

Coupled with the growth of the Web came new advances in 
computer software. New Web browsers made viewing and 
downloading information from the Web a snap. Search 
engines gave us the ability to locate the specific information 
we want from the virtual ocean of data on the Web. 

Adobe made a fantastic program called Acrobat, which 
enables folks to share documents across a very wide 
variety of computer platforms. Acrobat allows us to create 
portable document format (PDF) files from the very same 



page layouts we use to print Home Power. This makes 
putting our electronic edition on the Web a snap, and it 
looks just like the print edition — color photos, line art, text, 
and all! 

Truly, the Web is a George Jetson kind of world. We use 
the Web daily from our solar powered computers on Agate 
Flat. A bidirectional satellite link, also solar powered, 
supplies high-speed Web access. Although we are located 
in a mountainous wilderness, six miles from the nearest 
commercial electricity or hardline telephone, we are as 
thoroughly connected and informed as anyone. George 
Jetson's got nothing on this. 

Home Power's New Web Site 

On June 1 , 2002, we unveiled our new and improved Web 
site. You'll find a host of new features that folks have been 
asking for. A whole-site search engine helps you find the 
information and files you are looking for. We now offer 
news of the RE world and keep you up to date on RE 
developments. You can access real-time cloud maps to 
help you determine what today's sunshine is like anywhere 
in the world. 

An on-line searchable directory of RE companies helps 
you find pros to give you a hand with your system. A 
regularly updated calendar keeps you advised of RE 
events and energy fairs worldwide. A special section 
informs you of RE tax incentives and net metering laws in 
your location. A job listing section can help you find a job in 
the RE industry. We have expanded the educational 
functions so you can learn more about RE — on-line. A 
modern, Web shopping cart helps you get the Home 
Power products you want. 

A new, experimental feature of our Web site is foreign 
language translation. Using Google's language tools, users 
can translate any Web page into Spanish, German, 
French, Italian, or Portuguese. This translation is not 100 
percent (it's still in beta), but it's good enough to get the 
point across, and we're pleased to be able to share RE info 
with a wider audience. 

To accomplish this new supercharged Web site, we 
needed and got help. The newest member of the Home 
Power crew is Rick Germany, who comes to us with ten 
years of Web design experience. Months of Rick's time 
went into designing and testing our new Web site, and we 
all hope that you will use it and learn. 

So accept our invitation to drop by and check out our latest 
endeavor. The address is www.homepower.com.The 
information is pure Home Power! 

Access 

Richard Perez, Home Power, PO Box 520, Ashland, OR 
97520 • 530-475-3179 • Fax: 530-475-0836 
richard.perez@homepower.com • www.homepower.com 

Rick Germany, Home Power Director of Web Services 
rick.germany@homepower.com 
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Do You Need Batteries?. 



RAE Storage Battery Company 

Since 1943... Quality & Service 
Surrette Solar 1, 400 Series, Type CH 375 

Engineered under careful guidelines 
by Dave Surrette - Family owned 
business Est. 1 935 

Dyno Batteries 

Custom Built Superior Deep Cycle Batteries 
from M. Knowlton family Since 1933. 
Seattle, Washington 

If you need Competitive Pricing 
& Prompt Delivery call: 
860-828-6007 




IB 



Fax 860-828-4540 

51 Deming Rd., POB 8005, 
Berlin, CT 06037 




^ M °V\ Make every day special 

The natural ingredients of our products 
'to /TaJCjA *M\ get their energy from the sun 





off the grid since simmonsnaturals.com 

198 o 42295 Hwy. 36, Bridgeville, Ca 95526 



Solar products since 1979 

AAA Solar Supply Inc - (800) 245-031 1 
Photovoltaics - Solar Hot Water 
Space Heating - Pool Heating 
New, used & rebuilt for the do-it-yourselfer 

www.aaasolar.com 





ViSA 



Back Issues 
of Home Power! 

Check out our Web site: www.homepower.com 
It contains an index of all articles back to issue #1. 

You can buy back issues individually (shipping included): 

• $6.25 each for 13 and 16 through 20 

• $7.75 each for 21 through 45 (except for 35, 36, 38, 40, 41 

• $8.75 each for 46 through 84 (except for 59-67, 79, 81-83) 

• $9.95 each for 85 through current 

-OR- 

Special Deal: All available back issues for $125, +s&h 

Shipping: $20 USA, $30 Canada, $40 International 

Check with your local library — through interlibrary loan you can get back issues. 
The Jackson County Library in Oregon and the Alfred Mann Library at Cornell University have all issues. 

Or, get the CD-ROMs for $29 each Special Deal: $1 50 for all six 
Solar2 (1^2), Solar3 (43-60), Solar4 (61-70), Solar5 (71-76), Solar6 (77-82), and Solar7 (83-88) 
Shipping for single CDs: $2 USA, $3 Canada, $4 International 
Shipping for CD Special: $8 USA, $9 Canada, $12 International 



Home Power, PO Box 520, Ashland, OR 97520 • 800-707-6585 • 541-512-0201 
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Send your questions to letters@homepower.com 
Battery Reconditioning 

Dear Richard, I had an accident here and some of my 
nickel iron batteries lost their electrolyte. I need to know 
how to recondition them and where to purchase the 
electrolyte. Thanks for your help. Bob Feyen, Muscoda, 
Wisconsin • bncfeyen@mwt.net 

Hello Bob, Reconditioning alkaline cells (either NiCd or 
NiFe) means cleaning them out, replacing the old 
electrolyte with new electrolyte, and charging the hell 
out of them. 

Safety first! Use rubber gloves and goggles! Have a 
supply of vinegar on hand in case you spill electrolyte 
on yourself While alkaline electrolyte is not as fierce as 
the sulfuric acid used in lead-acid cells, it can still burn, 
especially if it gets into your eyes. 

Rinse the emptied cells with distilled water until they are 
clean. Dispose of this wash water, and any spent 
electrolyte, in a responsible manner. In NiCd cells, the 
electrolyte can contain minute amounts of cadmium, so 
handle it as hazardous waste. In NiFe cells, the 
electrolyte is easier to dispose of— just neutralize it with 
vinegar (or hydrochloric acid, HCI, available from any 
pool supply house) and you can compost it. 

Mix the new electrolyte using technical grade potassium 
hydroxide (KOH). This is available from most chemical 
supply stores. Stir the KOH into distilled water in a large 
plastic container. I use a clean, 32 gallon, heavy duty, 
plastic trash can. Keep adding KOH until the specific 
gravity of the electrolyte is between 1.2 and 1.25. This 
amounts to about 1 pound of KOH to 1 gallon of distilled 
water. If you add too much KOH, simply bring the 
specific gravity down by adding more distilled water. 

Use a clean (never used with a lead-acid battery), 
temperature-compensated hydrometer to measure the 
specific gravity of the new electrolyte. When the KOH 
dissolves, it will give off heat, so add the KOH slowly 
(about a pound at a time), mix thoroughly (I use a hunk 
of clean plastic conduit to stir the mixture), and wait for 
everything to cool off before making the specific gravity 
measurement. Mix all the electrolyte you will need at the 
same time if possible. This assures uniformity in the 
electrolyte. 

When the electrolyte is cool and at the proper specific 
gravity, refill the cells. Add a thin ( 1 /s inch thick) layer of 
pure (USP) mineral oil (from any drug store) to the top 
of each cell and you're ready to put the cells back in 



service. Expect the cells to take five or six cycles before 
coming up to full capacity. Richard Perez 
richard.perez@homepower. com 

Hot Air vs. Hot Water 

HP, I have a natural gas boiler with hydronic heat and a 
small south-facing, mudroom roof area that could fit one 
or two panels. All else being equal, which would be 
more energy efficient at capturing the sun's energy and 
converting it to heat — solar hot air panels or solar hot 
water panels? 

I like solar air's simplicity— just dump the hot air into the 
home. Solar hot water has a year-round benefit, but 
involves water and piping, and is probably more 
expensive. I was curious about comparing them, apples 
to apples. Mike 

Hi Mike, As a general rule, solar water heating gives a 
better return on investment than solar air heating. There 
are several reasons for this. You have already identified 
the primary one. 

1. Domestic water heating is a year-round use; air 
heating (for space heat) is a seasonal use. Water pays 
you back every month of the year. 

2. Hydronic solar heating panels (this covers collectors 
using any liquid heat transfer fluid) generally operate 
more efficiently than air collectors. This is because 
water has a specific heat five times greater than air. The 
practical significance of this is that water can capture 
this heat without such a large temperature rise. The 
higher the collector operating temperature, the greater 
its heat loss and the lower its efficiency. 

3. Air ducts are much larger than water pipes to move 
equivalent amounts of heat. 

4. Hydronic circulators (pumps) are more efficient than 
blowers for moving an equivalent amount of heat. 

To be fair to the air, simple solar air-heating systems 
have some advantages. Wall-mounted solar air 
collectors can supply daytime heat directly to spaces on 
the other side of the wall. This can be done very 
economically with minimum duct work; a fan-assisted 
panel uses a very small blower; a thermosyphon air 
panel is designed to operate without a blower. The 
south-facing, vertical orientation automatically shuts off 
in summer. Either way, it is a good retrofit application of 
solar energy. See the articles in HP25 and HP72. You'll 
be seeing more detail on these designs in future issues 
of HP. 

These vertical, wall-mounted collectors really shine on 
large metal-clad buildings with south-facing walls. Such 
buildings are often primarily day-use. Ken Olson 
Sol@Solenergy. org 
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Need Comm System Details 

Hello Home Power folks, I'm building a solar home 
about a mile from the nearest telephone line. I'm 
considering options for telephone and computer 
communications in that remote location. I read 
somewhere that you have some kind of link for your 
comm system. Would you send me info about that? 

Any other ideas you have would be appreciated. I'm 
also considering a cell phone interfaced to a laptop 
computer. Thanks and keep up the good work. See you 
at the solar fair in John Day. Bill Graves 

Hey Bill, Here are my views on off-grid communications, 
which continue to change as technology does. 

For voice service, the first thing I'd try is cellular. The 
rates available for cellular plans beat the hardline phone 
company rates at my location, and I'm guessing most 
others. If your site has poor cell reception, an external 
Yagi directional antenna can be added. Up at Home 
Power Central, our cell phones get no reception or 
service on their own. A few years ago we installed a 
Yagi, and cell reception has been full scale ever since. 
The cost of the Yagi antenna, premium Heliax coaxial 
cable and appropriate connectors came to about 
US$400. Contact your cell phone provider for details on 
operating their phones in conjunction with external 
antennas. 

In addition, cell phone docking stations are now 
available that allow you to connect your cell phone into 
standard two-wire phone cabling. This allows you to 
route the cell service throughout your house to multiple, 
standard phones. Pretty cool. Check out: 
www. cellantenna. com/Dockingstations/ 
dockingstations.htm for info on these units. 

For data service, some cell phone companies are 
claiming 56 Kbps data transfer rates. But this service 
gets expensive fast if you spend a lot of time on the 
Web, and 56 Kbps is slow compared to today's high 
speed internet connections. We have a StarBand 
satellite data service installed up at HP Central, and 
have been very happy with the system overall (80-120 
Kbps downloads, uploads are about 25 percent of this). 
I have heard a few horror stories from folks with poorly 
installed or configured systems. Right now StarBand is 
only available for PCs, or Macs used in conjunction with 
a PC server and the appropriate software. See HP84, 
page 108 for more info. Take it easy, Joe Schwartz 
joe.schwartz@homepower.com 

Two-Stroke Biofuel and Lubricant 

I am interested in using biofuel and lubricants in two- 
stroke engines. Please, if you have any information, I 
want to protect the environment and, if possible, make 



my own fuel. Montana's DEQ is studying the issue 
because of the problem of snowmobiles. I am building 
an ultralight airplane and will almost certainly need to 
use a two-stroke engine because of weight and power 
issues. Any help would be appreciated. Will Turner 
rhondat@charter.net 

Hi Will, We've had some initial success with biodiesel 
mixed with 5 percent chainsaw oil in small model 
aircraft engines, as well as some success with 
biodiesel/ethanol mixes in two-stroke engines. I'm 
working with a couple of organizations that hope to do 
more comprehensive engine testing and emissions 
studies for biodiesel in two-stroke engines and will let 
you know when I have more information. Thank you, 
Joshua Tickell • Tickell@VeggieVan.org 

Generator Windings 

Hi, I was wondering if anybody there knows the formula 
for the number of windings and diameter of wire to 
produce electricity in a generator? Where can someone 
find this info? I want to build a three-phase AC 
generator, but I need to know how many turns, and what 
size of wire to use. Thank you for any assistance you 
can provide in this matter! Sincerely, Dan Schroeder 
windrider991 @comcast.net 

Hi Dan, The industry approach to designing windings is 
to build one and find out. But I have an equation in my 
book, Windpower Workshop, which says that the 
number of turns per coil should be 1,200 -h (air gap area 
in square mm x 12 volt cut-in speed in rpm x number of 
coils in series). The calculation depends on the strength 
of the magnetic flux, so this is only a rough guide, 
based on the use of ferrite magnets with large air gaps. 
Diameter of wire will depend on the available space, 
and this will also determine the resistance of the coil 
and thus affect the ability to deliver current. I hope this 
helps. Hugh Piggott • hugh.piggott@enterprise.net - 



SolarRoofs.com 

Complete Solar Water Heaters starting at $995! 



FIREBALL 

2001 a - ; 

PV Options 

Color Options 

Patented Design 

Dealer Inquiries 
Welcome 

Check out these Architecturally Attractive, 
Very Easy to Install, & Affordable Systems! 

We are Web based: www.solarroofs.com 

SolarRoofs.com, Carmichael, CA • New (916) 481-7200 
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^ Home Power MicroAds ^ 

Rates: 250 per CHARACTER, include spaces & punctuation. $20.00 
minimum per insertion. All MicroAds are published in both the print 
and web versions. Please send a check or Visa, Mastercard, 
American Express, or Discover card data with ad. Please, no money 
orders. We do not bill MicroAds, they must be paid for in advance of 
publication. Your cancelled check or credit card bill is your receipt. 
Help us prevent fraud! Home Power MicroAds from individuals must 
supply serial number(s) for equipment being sold. Businesses must 
supply published phone number(s) and physical address. While 
Home Power is doing everything we can to prevent fraud, we can 
assume no responsibility for items being sold. 

COSOLAR.COM discount division of Colorado Solar Electric. 
SunWize single-crystal panels $4 per Watt. Siemens SP75 $339. 
(970)618-1839 

* 1 20 watt Kyocera PV Sale * We provide cost effective , state of 
the art , efficient , renewable energy products, accessories and 
complete electric systems for homes, cabins, boats, remote site 
and back-up power at very competitive prices.We also provide 
complete support from A to Z With our having more than 7 years 
experience of living completely off the "grid", www.alphasolar.com 
contact us at: alphasolar@gwi.net Alpha Solar 85 Moores 
Turnpike Georgetown, Me. 04548 

WWW.PICOTURBINE.COM is your renewable energy 
superstore! Free plans, discount books, inexpensive kits for 
students and adults. Build your own windmill, solar cell, more! 

*** HEY GUERILLAS! *** We have OK4U grid-tie, sine-wave 
inverters plus low cost indicators and wattmeters! Easy four-wire 
hookup. Add two 12V PV panels and join the revolution! Brand 
new units with full 2-Year manufacturer's warranty. Data interface 
for remote monitoring and control is also available. OK4U- 
100(100 Watt) US$240.00 DC-1(Data interface) US$125.00 
Summit Communications & Electronics Box 553, Willimantic, CT 
06226 info@sumcom.net *** 860-428-2056 *** 

WIND TURBINES! Best prices nationwide. Bergey - AWP3.6 - 
Turbex. www.pineridgeproducts.com 406-738-4284 

BUDGET SOLAR has PV modules, inverters, controllers, solar 
fans, educational kits, gadgets, etc. at discount prices, no online 
order too small. Don't be fooled by others advertising cheap 
prices on PV, but only if you buy in bulk! Budget Solar has no 
minimum quantities for purchases at our online store, 
www.budgetsolar.com 

SOLAR HOT WATER HEATERS, You make for $1 00, Designs 
$10, Burch, Box 947, C.V, OR 97641 

HOW TO BUILD A SOLAR HOT WATER SYSTEM, Build your 
own collector, Book and Kit available at www.JC- 
SolarHomes.com 

HYDROELECTRIC SYSTEMS: Pelton and Crossflow designs, 
either complete turbines or complete systems. Assistance in site 
evaluation and equipment selection. Sizes from 100 watts to 5 
megawatts. Manufacturing home and commercial size turbines 
since 1976. Send for a free brochure. Canyon Industries Inc., P.O. 
Box 36 HP, Deming, WA 98244, 360-592-5552. e-mail: 
citurbine@aol.com web page: canyonindustriesinc.com 

Trace SW4024 Ser#W12885 NIB never used $2200.00 + 
shipping. Call 810-367-6641 or Email Dennis@aiis.net Paypal or 
M.O. accepted. 



YURT KITS. Build your own Beautiful, high-quality yurt for as little 
as 1/3 the price of a finished one. Different styles of kits available, 
even one which doesn't require sewing! Sizes from 14'-30' 
diameter. Finished yurts and custom tents too! Ask about our 
"Build Your Own Yurt" workshops. Circledance, Custom Canvas 
Design (707)972-2136 P.O. Box 1702 Redway, CA 95560. 

6-12 Generator. Elec. Start U.S. Army D6D-6-1 2KW Volts 15 
Amps 133 $350 417- 532-5636 MO 

AUTO STANDBY Generators Propane or Natural gas 6 KW - 40 
KW Xfer switch incl.Tel: 732.271 .7704 Fax: 732.271 .9990 
www.focallighting.com 1830 Washington Valley Rd. Martinsville, 
NJ 08836 

Electric Power Your Bicycle. Regenerative Electric Auto. 
Homemade Hydrogen. Plans Catalog $1 Criztoz 28 E Jackson 
#C1003(AEHP), Chicago 60604 

EARTH SHELTERED HOMES This definitive manual by noted 
authority Loren Impson features detailed building instructions for 
the amazingly affordable and practical Ferro Cement Domes. 
Only $1 5 from Sun Life, 71 Holistic Mount Ida AR 71 957 
www.2BbyD.com 

$15,000 ASKED: Whole-house PV & heat sys.TR4000SW PP, 
HUP Solar One 24v, 10 Photowatt 75w, 2 Servels, & 8Kw CDI 
gen., all new. Also 5 used Revere H20 mod.s. & bldg matl's. 540- 
789-8252, 6 to 9:30 pm, S.W. VA. 

ENERGY INDEPENDENCE IS THE POWER SOLUTION. THE 
POWER SOLUTION IS A PORTABLE, RECHARGEABLE BOX 
WITH -1 KW/HOUR AND ONLY 1 CUBIC FOOT SIZE AND 
WHEELS! IT CAN RUN A CIRCULAR SAW, DRILL, TV, ETC. 
from $875. SOLAR PANELS TO RECHARGE IT $299. ROB 
ELKINS, ELK INDUSTRIES 321 726-0810 
email:LASEROB@aol.com 



XXXXXXXXX USED SOLAR MODULES XXXXXXXXX 
XXXXXXXXXXXXX 64 Watts $31 9 XXXXXXXXXXXXX 
Used MSX60s $295, BZ 8 amp pwm controller $49, Ex 2KW 
inverter SB, 110 amp charger New $850, 3000+ watt resistors 
$35, new 75 Watt modules $375. Buy, sell New/Used, Trace, 
NiCds. refrigerator. Try to match anyone's prices. Call or send 
S.A.S.E. to Craig Eversole, 10192 Choiceana, Hesperia CA 
92345 for free flyer. M/C VISA Discover 760-949-0505 

DC SUBMERSIBLE WELL PUMPS. Complete, ready to install. 
$180 includes IMMEDIATE FREE SHIPPING. Visit 
www.nemopumps.com or call 1-877-684-7979 

Honda Generators - 1000 to 10,500 watts. Fast shipping and 
great prices! www.hayesequipment.com 1-800-375-7767 

New 100 Watt Photowatt Solar Panels. UL listed, 12/24 volts, 25 
Year Warranty. $385.00 719-256-5023 
www. h o m estead powe r. co m 

Wincharger parts, new and used. (716) 358-2534 New York. (406) 
547-2266 Montana 

System Output meter Reads AC output from any inverter and 
keeps running total in kWh. Also, resettable total, instantaneous 
watt output, VAC, Hz, elapsed hours. Helps diagnose system 
health, $149, includes instructions. RS-232 port to PC with Excel 
chart and spreadsheet of results. $89 Add CA tax, shipping $9 
HomeEnergySystemslnc.com, 6996 Convoy Ct, San Diego, CA 
92111 
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Appliance consumption meter Reads wall outlet kWh 
consumption cumulative, resettable, elapsed hours, VAC Hz. $149 
HomeEnergySystemslnc.com 

242 Watt NEW unbreakable modules, 48VDC, ready to mount 
with steel hinges, $1249 plus CA tax, delivery available in So. Cal. 
HomeEnergySystemslnc.com 858-278-2300 

VERMONT PV DEALER. David Palumbo/lndependent Power & 
Light has been designing and installing PV systems for more than 
12 years. Trace and Exceltech inverters. Siemens, BP, Kyocera 
and Solarex PV's. Harris Hydro. Surrette, Rolls, and Dyno 
batteries. Honest dealer who offers personal support and service. 
"David is one of the original RE pioneers... he knows how to really 
squeeze all the energy out of a KWH!" Richard Perez (HP60). I P 
& L, 462 Solar Way Drive, Hyde Park, VT 05655. Phone 802-888- 
71 94. Email: ipl@sover.net. Web site: www.independent- 
power.com. No catalog requests please. Please call for 
appointment before visiting. 

PLANS, KITS, BOOKS and supplies for alternative energy 
projects. Build your own solar cells, generators, vegetable oil 
heaters, and much more. See us on the web at: 
WWW.KENNEKE.COM Email: jon@kenneke.com 

RADIO/TELEPHONES Voice-Fax-Web 1-8 lines 20mi. Plus 
CELLULAR yagis improve access (208-263-9755 PDT) 

We are planning a city without internal-combustion transportation. 
biketopiaproject.com 

POND AERATION WINDMILL: Koenders 12 ft. Tower, Air Line 
100 ft., Aeration Stone: $585. Electric Aerator System: $465 
Water Pump:$195 MALIBU WATER RESOURCES- 800 470- 
4602. www.MalibuWater.com Free brochure. 

EDUCATIONAL WINDMILL KIT Really produces electricity! 
Perfect for science fairs, experimenters, homeschools, hobbyists. 
For ages 10 to adult. Thousands sold. Design first appeared in 
HomePower Magazine! WWW.PICOTURBINE.COM 

EBOOKS ARE GREEN! WWW.FICTIONWISE.COM has over 
2,000 electronic books available for immediate download in all 
subject areas. Award winning authors, all PDA and Computer 
formats supported Read ebooks to save trees! 

TWO 17.5KWH JACOBS wind turbines on 120' self standing 
galvanized towers with grid intertie Mastermind Inverters. 
$12,000.00 each or both for $20,000.00 call 715-682-9240 

HAWAIIAN VACATION off-the-grid solar homestead now offers 
deluxe bed and breakfast accommodations on the island of Maui 
from $45 per night by the week 808-572-0298 

Arizona solar straw home: 1996 arch-designed 1208' zoned res/ 
bus 30 min Sedona, $129K 2-4 acres adjoining $14K per. 928 
443 9255 susan@commspeed.net 

2 AXIS SOLAR TRACKER PCB assembly $73. Add your 12VDC 
source & drive system to track the sun. Info: 
http://members.shaw.ca/theanalogguy 

I AM A SOLAR WHOLESALER looking for retailers to carry my 
solar electronic and hobby goods. Phone # (916) 486-4373. 
Please leave message. 

OFF GRID PROPERTIES near Bend Oregon. 20-80 ac w/wo 
homes Beautiful mountain views and minutes from reservoir. 
$40K-$300K 541-389-4641 or propertysalesbyowner.net 



REMOTE TELEPHONE, Ritron Telenexus, extends full-duplex 
service to remote locations, full system $1200. Bill Spikowski, 
1617 Hendry, Fort Myers, FL 33901 , 941-334-8866, 
bill@spikowski.com 

BRAKEDRUM WINDMILL PLANS Build a Hugh Piggott's wind 
turbine design from scrap parts. Produces 300 to 400 watts. 
Tested design built all over the world. Available in the USA only 
from WWW.PICOTURBINE.COM 

2.4 KW PV SYSTEM INCL. Trace power panel w/2-SW5548 
inverters, 2-C40 charge controllers w/dro 24-100 watt Siemens 
panels with 2-Zomeworks trackers, 2 pulse combiner boxes, 32- 
Trojan L-16 batteries w/box System maintained by licensed 
installer References available Call 620-665-9406 after 5 pm CST 

WWW.SUNPROSOLAR.COM lots of renewable energy products, 
information, interactive bulletin boards+more 

TELLURIDE COLORADO: Off the Grid Properties! Hot Springs, 
Riverside, solar powered homes, large and small ranches. Find 
your own place in the sun with the only solar powered real estate 
office in Colorado. T.R.I. (970) 728-3205 1-800-571-6518 

LIKE NEW! Still in factory box: Solarjack 4gpm 1/2 hp 45V well 
pump $500., also for sale Dankoff Flowlight Booster pump 
4.1-4.5gpm 12V $350. Serious buyers only. AZ Call 928-339- 
4623. 

CAD DRAWINGS:hand sketches into professional quality 
drawings PV to Solar Hot Water email inquiries to 
Solarcad@hotmail.com 

EDTA RESTORES SULFATED BATTERIES. EDTA tetra sodium 
salt, $12/lb. plus $5 S&H for 1st lb. plus $1 S&H for each 
additional Ib.Trailhead Supply, 325 E. 1165 N., Orem, UT 84057, 
(801) 225 3931 , email: trailheadsupply@webtv.net, info, at: 
www.webspawner.com/users/edta. 

W.R.S Solar-Air-Refrigeration AC DC Elec. energy efficient POB 
103 Portage OH 43451 PH 419.686.7095 Seminars being formed 
to build your own 

US VIRGIN ISLAND-CARIBBEAN Solar Energy Business for 
Sale. Solar Thermal and Photovoltaic, Sales and Service, Trace 
Certified Dealer, 21 year history, Complete client records, job 
backlog, Inventory, warehouse/office lease, Chevy van, Tools, 
Trade Name, VI Energy Office certified Rebate Dealer, scarce 
competition. West Indies Solair, PO Box 1347, Kingshill, St Croix, 
00851-1347 340-773-4790 ph/fax www.westindiessolair.com 
email solair@viaccess.net 

New solar off-grid home for sale. 1 ,700 sq ft, 3br, 2ba, gar, on 12 
acres in pine meadows near Cheney, WA. Thoughtfully designed 
and built by Northwest Solar Electric. $185,000. See home at 
www.nwsolarelectric.com or call John Wiley at (509) 236-2249 

EcoMalhThe largest environmental portal of earth-friendly 
companies and resources. Renewable energy companies, news 
and information, www.ecomall.com To advertise, call 845-679- 
2490. 

SUNRISE SUBMERSIBLES #5226 with battery controller for 24 
volt and 4-bp 275 pv modules, pv disconnect all new $3100.00. 8- 
Siemens SP-75's $2775.00 new. 6-BP-275's $2065.00 new. 
Custom cables 2/0 $5.75 pr/ft, 4/0 $ 7.00 pr/ft, this is UL welding 
cable with sealing heatshrink. Plus shipping. .installer reducing 
inventory Call 505-430-7705 
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New SunRoof RS 



Schott Applied Power Corporation 




As my solar business heats up, finally someone is offering 
a complete photovoltaic solution. Schott Applied Power 
Corporation's new SunRoof RS is the best residential 
grid-tied PV package on the market. The SunRoof RS 
kit, unlike its competition, has all the components I need 
to complete a customer installation. With high quality 
components, a competitive price, and a complete kit, 
the SunRoof allows me to deliver quality and value to 
my customers. 

MH SunRoof 

^m^m^m the complete solar solution 



Complete PV Kit 

The SunRoof RS comes complete with SAPC-165 Watt 
modules, SMA Sunny Boy inverter, racking, kWh meter, 
module wiring, combiner box, and disconnects. This 
saves time because I don't have to stop the job to shop 
for parts not included. 

Easy Installation 

The SunRoof RS is designed for easy installation. One 
person can complete a typical installation in one day. 

Quality and Reliability 

The SunRoof RS includes the highest quality and most 
reliable UL listed and CEC certified PV products 
and components. 

Flexibility 

I can combine multiple SunRoofs to make larger systems. 
With only a few versions, they are easy to order, stock 
and combine to meet my customer's needs. 

Value 

With a great price, an inverter module combination 
designed to deliver high efficiency, and easy installation, 
the SunRoof RS delivers real value. The SunRoof makes 
me more competitive in the rapidly expanding 
PV marketplace. 

(y^ CEC Certified 



Schott Applied Power Corporation: 

4051 Alvis Court, Rocklin CA 95677 

800.777.6609 or 800.344.2003 

www.schottappliedpower.com 

New dealer inquiries: philip.leen@us.schott.com 



SCHOTT 

glass made of ideas 





WATER PUMP 





PUMP 



EATUFH 



Water delivery up to 43 gpm / 162 Ipm 

Pumping range 0-550 ft / 0-167 meters 

Brushless, permanent magnet motor 
with multi-stage centrifugal pump end 

Corrosion-resistant permanently lubricated 
and maintenance free 




SOOO CONTROLLER 

• Accommodates arrays with two to twelve 36-cell modules in 
series; will operate from 24 to 144 volt battery banks 

• Maximum power point tracking 

• Self programming operation 

• Current boosting 

• Self diagnostic 

• Simplified control and troubleshooting 

• LED indicators provide convenient information about voltages, 
switch and sensor status and overload conditions 




The CC 2000 pump controller is designed to connect solar modules to 
Kyocera Solar's SC series submersible centrifugal pumps. 



KYOCERA SOLAR, INC. 
7812 East Acoma Drive 
Scottsdale, Arizona 85260 USA 
T: 480.951.6330 • 800.544.6466 
F: 480.951.6329 • 800.523.2329 
www.kyocerasolar.com 
info@kyocerasolar.com 
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KYOCERA CORPORATION 
KYOCERA SOLAR, INC. 



Home Power Subscription 

$22.50 per year (6 issues) to U.S. Zip Codes via Publishers Periodical U.S. Mail 
$43.00 per year (6 issues) to U.S. Zip Codes via 1 st Class U.S. Mail 
$30.00 (US$ drawn on U.S. Bank) International Surface Mail, see pg. 81 for Air Rates 
Home Power magazine, PO Box 520, Ashland, OR 97520 
Subscribe online at: www.homepower.com 

Subscriptions: 800-707-6585 (inside USA) or 541-512-0201 or Fax 541-512-0343 

To subscribe, please fill out the sub form below, enclose payment as a check, money order, or credit card information, and 
mail this form. Tape the form well or use an envelope so your check won't fall out. Please allow up to ten weeks for the start 
of your 2nd class sub. For International Subscriptions or Back Issues of Home Power, please see page 81. 




□ 
□ 



New Publishers Periodical 
Sub-$22.50 to USA 



n 



New 1st Class 
Sub-$43 to USA 



□ 



Sub Renewal-Circle 1st Class 
or Publishers Periodical 



□ Change of Address 
(include old address) 



Gift Subscription 

From (your name and address here) 



DO YOU WANT US TO SEND YOU A SUBSCRIPTION RENEWAL NOTICE? 

The number of the last issue in your subscription is printed on your mailing label. 
□ Yes, remind me by mail when my subscription runs out. □ No, I'll check my mailing label so we can save energy & paper. 

PLEASE CLEARLY PRINT THE COMPLETE NAME AND ADDRESS FOR THIS SUBSCRIPTION: 

NAME 



STREET 
CITY 



STATE 



ZIP 



PHONE _ EMAIL 

□ Credit Card Orders: please check the type of card you have and fill in the information below. 

□ 

□ 
□ 



Signature (as shown on card) 
Credit Card Number 



Exp. Date 
Amount $ 



The following information about your renewable energy usage helps us produce a magazine to better serve your interests. 
This information will be held confidential. We do not sell our mailing list. Completion of the rest of this form is not necessary to 
receive a subscription, but we would greatly appreciate your input. 



NOW: I use renewable 
energy for (check ones 
that best describe your 
situation) 

□ All electricity 

□ Most electricity 

□ Some electricity 
Backup electricity 

□ Recreational electricity 
(RVs, boats, camping) 

□ Vacation or second 
home electricity 

□ Transportation power 
(electric vehicles) 

□ Water heating 

□ Space heating 

□ Business electricity 



In The FUTURE: I plan to 
use renewable energy for 
(check ones that best 
describe your situation) 

□ All electricity 

□ Most electricity 

□ Some electricity 

□ Backup electricity 

□ Recreational electricity 
(RVs, boats, camping) 

□ Vacation or second 
home electricity 

□ Transportation power 
(electric vehicles) 

□ Water heating 

□ Space heating 

□ Business electricity 



RESOURCES: My site(s) 
have the following 
renewable energy 
resources 

(check all that apply) 

□ Solar power 

□ Wind power 

□ Hydro power 

□ Biomass 

□ Geothermal power 

□ Tidal power 

□ Other renewable 
energy resource 
(explain) 



The GRID: (check all that 
apply) 

□ I have the utility grid at 
my location. 

I pay $ for grid 

electricity (cents per 
kilowatt-hour). 

% of my total 

electricity is purchased 
from the grid. 

□ I sell my excess 
electricity to the grid. 

The grid pays me 

for electricity (cents 
per kilowatt-hour). 



(continued on reverse) 
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I now use, or plan to use in the future, the following renewable energy equipment (check all that apply): 



NOW 


FUTURE 




NOW 


FUTURE 




□ 


□ 


Photovoltaic modules 


□ 


□ 


Methane digester 


□ 


□ 


Wind generator 


□ 


□ 


Thermoelectric generator 


□ 


□ 


Hydroelectric generator 


□ 


□ 


Solar oven or cooker 


□ 


□ 


Battery charger 


□ 


□ 


Solar water heater 


□ 


□ 


Instrumentation 


□ 


□ 


Wood -fired water heater 


□ 


□ 


Batteries 


□ 


□ 


Solar space heating system 


□ 


□ 


Inverter 


□ 


□ 


Hydrogen cells (electrolyzers) 


□ 


□ 


Controls 


□ 


□ 


Fuel cells 


□ 


□ 


PV tracker 


□ 


□ 


RE-powered water pump 


□ 


□ 


Engine/generator 


□ 


□ 


Electric vehicle 















Please write to us here. Tell us what you like and don't like about Home Power. Tell us what you would like to read about in 
future issues. Thanks for your attention and support. 

Check here // it is OK to print your comments as a letter to Home Power. 



MS. 



Return Address 




Home Power magazine 
Post Office Box 520 
Ashland, OR 97520 
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